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| Gantnwienw, Maſter-General 
of His Majeſty $ Ordnance, Ce. 


| My It ge Nur GRACE, 


1B collect lon of Tracts which 

rm this Volume, containing ſuen 
| parts of Mathematical knowledge 
as are properly the ſtudy of a 
1 Pen ſeems to claim a kind of privilege 

d Your Grace's protection, as a General, 

d Maſter of the Ordnance : Nor can there 
a greater inducement to the Com— 
the Army to _ ard theſe neceſſary 
ications, than the countenance of — 

Grace, whole great Example they will bs 
uſtly ambitious to follow. 
#ARMS have been Your early exer- 
Je. and ARTS Your conſtant ſtudy: 
| 8 d that the eminent Figure Your Grace 
i . A 2 | | ey” af 
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has Toy made, both in the Field and 
zenate, Go a topic upon which even a cold 4 
Imagination m ght with eaſe expatlate: But * 
the qu Praiſe is undoubtedly a grateful | '% 
Incenſe, yet there is a certain delicacy in 
the Offering, which I m not attempt. 
1 therefore humbly beg ardon for the L 
reſumption of this jg ret, and crave 
ve, with the moſt profound reſpect, to 
ſubſcribe myſelf, 


May it pleaſe Tour C A on, 
Nur Grace's moſt Obedlent, | 


And moſt Humble Sor vaut, 


Wilton Walger f 
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Author's PREFACE. 


DOEING obliged by my Station to ſtudy the | 72 
pereft means of Inſt HH the Marine Off. 
pers, in eh parts io the Mathematichr — are net 


! 
if 
1 
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%% for thelr qualification, I thought the m 1 1 
NJ 22 method would be to lay before * 4 Collettlon 
4 


herein they wight both is what they bad to lars, 
/ bot rroubling themſblver with any ober Books, 
u might, with vaſt "i. what they had already 
been 2 * 


I confulered that this CollefHow ought to be ar 
7 boyt as poſſible ; that the Perſons for whow It it Inn 
tenden wight wot be diſtouraged with the length of 

i the work ; and 1 may 7 hope that every 
4 Gentleman concerned will endeaueur to render him= 
% duly qualifiga,, —— obſorwes that the whole 
L Wi. of 12 athematica Fade are comprehended 

| r three little Vdlumes, Se 


In the entrance upon each Subject I have let no- 
39 Via * aſs without clear explication and demonſtra- 
V. tion; but in the progreſs, I have choſe to leave the 

Wl Reader Fe pleaſure f di + by himſelf * of 1 
1 A3 bi 
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concluſions ; of which, howen 775 I have 6 


Hu Propet 1 naler. 6m 4 
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ſolves * To of the [amp conn Pr 1 = always Yn 
15 et 4 which appeared to me woſt intellighble au, 
. rather an that which perhaps wight be 
thought more exadt, WO, 


B 


Tn 
| N x 


J 2 


. 
8 Lys 4 
* — 4 
X P LW 1 
* 
1 
0 a 1 
: 
HH 
" Ls 
* 
0 
1 
N 


* 


1 
k % 
# ö 


I vo}: 11 r „ 
| ey es Bow ad 


HIS Hort Cour 
WM 11 boa HHeks, 
=" 4 L ya, Na 


wh. froth te: Mas 
Ve ventured 
tbe Frefich, for the 


i hn benefit 7 #he Engliſh" ww 5 wil 
th * "i I. uh 45 bee 10 A fu 
Tous P (tity, recommend 11 


Wien as think ſome knowledge "tn 7105 wſeful See 
Iuces 4 landable Arrompliſbment. 15 ow 5 a 1470 
| | 1515 Study is, eſpetially in the Antieles which make 
y this Collection, to ſho h would rightly qualify 
1 $hemſelwves either for the Army or the Navy, is too 
viadent to be inſiſted on; but how conducive the pre- 
Put Performance may be to that uſeful purpoſe, is 
or for me to determine; as a Tranſlator, I am be- 
9 tome a party in the Deſign. I ſhall therefore pre- 
ſume no farther, than humbly to offer a. word or 
fea in behalf of my * with reſpect to tbe 
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ſeveral parts of his Work, and to ſubjoin, as I 6 
on, 4 ſbort Account f the liberties I have taken Pr. 
rendying it into Engliſh. 985 „. 


ff 
, He begine wit! u Jhove extratt from the frl 
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fix, aud the eloventh and twelfth books of Kuelid, BB"? 
wherrim © think, be bat [hewn great nan — hy = 


eollefFing all that is werefary for bis prvps 4 
Out bfu bir Reader with avy propoſitions fu. 
ee to bis deſig I tha, I the it way be juſt!) 
ſald, there be nothing entant if the like hind, at over / 
fo coil and fd et Nur do T judge it wwrwors of 
thy of vewart, that the propaſitions fta wwwbered 
a8 they (olforv in the books of Vaglid, % regard 
% the tranſlation of this part, I have owe thing 
' to artvertiſe the Reader, vit, That whervar the Atv 
thor bad reſerr'd bis extra} from the fourth book 8 
F FEuclid, % his tract wpon Practical Geometry, 1 W 
thought it better to give all the Elements togerbor, || 
fivce references might as well be made to that part 
as the reſt, WE IRE 


The ſecond ſubject of our Anthor is Arithmetick, % 
Upon which having m wrote more fully, I en- 
Arely omitted his Tract, yet I hope it is wot ill up- 
pH with my Arithmetick in Epitome, which may i 
ſerve as the firſt Volume of this Courſe. v 


- Trigonometry is his third tract, in which he has i 
pretty copionſly handled the Doctrine of Triangles, |} 
both plain and ſpherical, and has therein alſo given | 
# ſhort, but clear explication of the conſtruition and 
w/e of Logarithms. + | | 1% 


Practical 
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[ tn 970 
en * practlenl Geometry it bit next 4 been 
1 ccin tri rents * rope tablng — 
0 * 25 of: the method of making Surveys 
he meaſurement of Surfacer and Slide. 
Fl „ 1, the Oricinal contains (ihewiſe ſome extracts 
% in e the forrth Book of Euclid, witch, ar T before 
with. er, in the TYanſlation I 4 rang in their 
er order among the Klewentr, with fome ad. 
ove, He has likew!/® there 12 the deſtriprions 
iu umentt, for which I wuſt refer 110 Rea» 
ee lppendin I Tae, added at the en 75 the 
| Volume, 
Tho Uſe of the Globes l as went trail in 2 
1 45 F eur Authoy ; but being deſirovs te comprige 
j MW that more immediately regarded the Land-Ser vice 
* wy Volume ; I have placed this Trat in the be» 
Owning of the laft Volume, as wore adapted 10 Ma» 
Wine Affairs, ALT ſhall fa 114 this Treatiſe is, 
2 wy very * — 50 thi ink ſufficiently in 
igible, 


Next follows 4 tract upon Mechanicks, the /borrs 
and moſt intelligible I have ever met with, 
one Article in this Treatiſe I have talen the 
Terry to alter (tho! indeed I rather believe it to be 
1 error of the Printer, that a miſtake of the Anz 
bor) ſince the change of but one word, viz. autant 
' moins, that in, as much into leſs, mater tbe 
Poſer vation {os and the ſenſe conſiſtent with the 
Frrollar) following. bee Pag. 160 ig. 22. 


| 

7 Fortification and Gunnery are the to remaining 
eracte, which make up one * in this Tranſſa- 
| lion, 


* 


tion, in which both thoſe ſhbjetts ave 4 0 
banded. In the ont; 7 rer will fee t 
Waxims aud methods of Military Avehbitettuve, with Wir 
4 proper explanation of Thyme; and in the other, 
the Mathematical Printiples applicable to Artillery, 
with % and weeeſſary obſervations on the laws of | 
notion with reſpett to Projectiles, == 


Theſe being ſubjelts much out of my own ſdhere, 
FT therein conſulted fra Fudger ; And mut par. 
tiewlarly own wy obligations to Captain Richards, yh 
of his Majeſty's Tvain of Artillery, for his hind aſ+ | 

Hauce with reſpedt to the latter, | 


The two tracts on Navigation contain'd in the ſl 
other Volume, are (eſpecially the latter) uncommon e 
Eſſays upon the ſubject ; In the one is ſhewn the con- bs 

ruction and uſe of Inſtruments, Charts, and Tables; 
with the application of 'Trigonometry to Sailing, in 
the calculation of the Courſe, Diſtance, and Depar- *w 
ture; alſo the er Addenda of finding the Prime; Wh 
_ olden Number, Moon's Age, and Fime of ol 
igh Water in any Port, &c. In the other, which 

concerns the working of 4 Ship (a ſubject not treated | 
an, that I know of, by any Engliſh Author) is con- 
ſider d and explain d, . eſtabliſh'd laws of Mo- e 
tion, and the form and ſtructure of a Veſſel, the ſo- fc 
veral motions a Ship is capable of receiving, and the | 
proper methods of giving them; which neceſſarily 
led the Author into the conſideration of the farce Wan 
and 5 of the ſeveral Sails, according to their 
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different ſituation; as alſo the power of the Rud- 


der in changing the line of Direction. I have only ' 12 


to obſerve under this head, that as ſome of the 1 | 
prattices he delivers differ from the methods uſed. i x | 
3 | . 
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e 5, Englim, I have ſot down the Englih warner 
With Wiper formance by way of Noter at ths bottom of 
other, Wh page 4 which Hibewiſs contain whatever other 
Her), ar vations, or rewarks, have vrenre'd throughout 
4u# of BY whole Performance. e ay v1 


, this part of the Work, I have been alſh rareful 
Les proper aſſiſtance ; and am eſpecially oblig'd to 
wy cord friend, Captain Wilde, without 5 He þ 
had bien impoſſible for me to haue wnderſtood the 
Wench term, or fo have wat + them with av 
Werable propriety in Engliſh :; But my Friend being 
Mut when the laſt hand was ſot to the Wark, 
% [til] beſpeak the indu/gence of the Engliſh Sailor, 
We finds my expreſſions ſometimes deviate from the 
ge Sea dialed. ' EN LL EL | 
I have now done with our Author, As to the 
oe Articles I have added, they are, Firſt, An 
Whabetical explanation of ſuch Sea terms and 
Br aſts at occur in the Work, which will not only: 
| re to ſuch Gentlemen as are deſirous to look 


o /o curious 4 Theory, though not concern d with 

g: Sea; but even neceſſary to thoſe who undertate- 

"We ſtrdy, with a view to their future practice. 

condly, an Appendix, containing the deſcription 

„% ' 4d uſe of a compleat ſett of Pocket Inſtruments, 
Verein the little Apparatus, ſo neceſſary fo every" 

c@ "Wing Mathematician, is ſufficiently explain'd ; and” 
Fe ſeveral lines laid down upon the Plain Scale, 

- unter Scale, and Sector, are conſidered, both with+ 

"Wzard to their conſtruction and application. 
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Having thus laid before the Render a on © 
" "atromnr of the , f nit mo! farther tale 
his time with apologizing for th performance. We 
have done my beſt endeavour, both in the Tyan 
tion and the additional Aviitles ; I therefore [i 
wit the whole to the candid periiſal of the Publich 
well knowing that books of Science can only matt? 
their way by their Merit, ot” 
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DBPINITIONS. 


EMAPTIC KS are certain 
Sciences, by which we learn *to 
compare things one with another, 
in regard to their extenſion, or to 
determine whether they are equal, 
| what proportion one thing 1s * or 
han another. bes 


| Magnitude therefore is that idea ari rifing in 
inds, from the compariſon of one thing with 
| y ot per, in regard to extenſion, 


— — 


—— — — — * — 6 — 
5 — — 
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c rent | reſpects, which we call Dimenſions, vie! a7 p: 


for the longer, the broader, and the deeper it 1p 
comprehended under but two dimenſions, vi 
any regard to the depth, or thickneſs of thi We 


der only length; as when it is aſk'd, how far on 
= is diſtant from another, we conſider t 


the longer it is, the farther diſtant are the place 


[2] 


3. Extenſion is to be confidered in three diff: 


N 


7 


wot 
" 
"4 {4 

* N 


1. Length. 2. Breadth. 3. Thickneſs, of . I 


2 
4. A Solid, or a Body, is a magnitude con 
dered under all theſe three dimenſions ; as if th 
tonnage of a Ship is demanded, the Ship is conf 
fidered as a Soli; and the queſtion requires tha 


we examine its length, its breadth, and its depth 
A by 


es 


3 
1B 


the greater will be its tonnage, 


5. A Superficies, or Surface, is a magnitud ii 


— 


length, and breadth ; as when we meaſure a fie 
we take it for a Surface, which the longer, a 
broader it is, the more acres it contains, withou 


1 


carth, Y 


6. A Line is a magnitude in which we conf 


ce between the two places as a line, which 


but the breadth, or thickneſs of the ſpace, mal 
no difference in the diſtance of the places, 4 


7. A Point is that in which we conſider ne 
ther length, breadth, nor thickneſs, as in 8 
foregoing Inſtance, the two places are taken 
two _ for it is not at all neceſſary to kno 
the length, breadth, or thickneſs of the two plac 
to determine the diſtance between them, 


4 . 4 
vi 
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Me 
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. The two extreams of a Line are Points: 
ine being only a continuation, or ſucceſſion of 
nts. 80 Lines are the boundaries of a Super- 
es, which is nothing but a web of Lines. In 
e manner alſo, Superficies are the boundaries of 
Solid body, which is compoſed of a heap, or 
WDltitude of Superficies, connected, or laid one 
dn another. 85 | 

| ; YL 
. Two Lines, or two Surfaces, are ſaid to be 
a when the one being laid upon the other, 
fectly covers it, In like manner, two Solids 
8 accounted equal, when one being * to 
etrate the other, is perfectly contain'd within 
ame limits, 


o. A right Line, is the ſhorteſt diſtance be- 
Nen two Points: thus the Line AB 5 
right Line, as, on the contrary, the Hg. r. 

I © D are curve, or crooked, 


. A plain Surface is that upon which a right 
ee may be every way applied: Or a 

in is a web of right Lines. Thus the Fig. 2. 
face AB CD is plain, but the Sur- PEE 
= EF GH curve. The hollow fide of a curve 
face is called concave, the raiſed fide conyex, 


4 2. A Line is perpendicular to ano- 
. when it has no inclination on ei- Fig. 3. 
=_ ſide, as A B upon CD, 


8 3 The Line A B is parallel to the 

Se CD, if all the perpendicular Lines Fig. 4. 

| hem are of equal length, 3 
B a. 14. A 


ween t 


44 
14. A Circle la a plain, whereof all the entre. 
 mities are equally diſtant from one cer. 
Fig, 3. tain point, as ABC, The Circumfe. 
rence of a Circle, is the curve line 
which encompaſſes it, as AB C, The Center is 4 
the point E, in the middle, A right line drawn 
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WO 
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15. A plain Angle, is the diſtance or opening 4 | 
of two lines, which touch in one point, 


| Fig. 6. not making one line; thus the open- 1 
= ing of the lines B A, B C, makes the 
Angle ABC. 1 5 =_ 


* 
* 


7 
= 
04 


16, An Angle is the greater, the wider the 
lines are apart: But as the length of the lines u 
makes no alteration in their diſtance; ſo it makes 
no difference in the largeneſs, or ſmallneſs of the 
Angle. | e If 1 
17. The meaſure of an Angle, as A B C, is 
5 found by deſcribing a Circle round the 
Hg. 5. point B, which Circle being divided 
| into 360 equal parts, called Degrees; 
the number of fuch parts contain'd in the Arch 
A. C, is the quantity of the Angle in Degrees. 


18, A right Angle is that which is exactly 2 
Fig, 8. meaſured by an Arch of go Degrees, or 
. 8. the fourth part of the circumference of 


| „ 
Circle, a 4 B C. An o14/ Angle is greater 


f 

ae right Angle, as E B C, and an ere Angle 
tte oO „ as BB N * EY 
cer. 8 6. 
amte- 19. A reQtilinear Angle is form'd by two right 
Une Mes; a curvilinear by two curves; 8 
ter 1 dea mix'd Angle by one line right, Hg. 6, 
—_ d one curve, 85 | 
er, 18 20. A Triangle is a plain Surface bounded by 
fling Wree lines, as A, B, C. 1. If the three a 
41 es are equal, the Triangle is equila- Fig. 9. 
mſe . 


al; 2. If two of them are 1 it 

an Iſoſceles Triangle; 3. But if the three 
es are all unequal, the, Triangle is call'd a 
alenum. | 


ar. A Parallelogram is a plain bounded with 
rr lines, whereof the oppoſite. ones 


TR 


ur forts of Parallelograms: 1. The. 


the ue Square, which has all its fides and angles 
ines ual. 2. The long Square, which has its 
akes ales equal, but not its fides.. 3. The Rhom- 
the gs, which has its ſides equal, but not its angles. 


The Rhomboides, which has neither its fides, 
r angles equal. : 


the BW 22. We call a Truth which we demonſtrate, a 
ded Propoſition. Of which there are ſeveral ſorts : 
es 3 Tbeorems, which are truths purely ſpeculative, - 
rch Problems, wherein ſomething is propoſed to be + 


one. z. Lemmas, which are truths laid down 
1 for the demonſtration of. others. 4. Corol- 
es, which are the conſequences drawn from a 
poſition demonſtrated. | OO 
| | ; B 2 23» Arioms, 


7 e parallel, as A B C D. There are Fig, 10» ⁵ 


. 

* 

* 81 
: mY 

* 
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23. Axioms, are plain truths known to ag 1 
the world; ſome of the principal of which arr 


as follow : FT 
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1. The whole is greater than one of its parts, 1 4 


Tus ching are equal to each other, whef f 
each one is equal to a third. A 


3. If two equal 7 1 are equally augmente 
or diminiſhed, they will remain equal; but il 
they are augmented or diminiſhed unequally, the- 
will become unequal, 1 . 3 


} 


a 
| 
1 
n 
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N. B. The Propoſitions are numbered as the 
fand in Euclid, 1 


P ROF OS IT IO I. 


To make an equilateral Triangle upon the 
Line A B. From the point A, with 

Fig, 11. the Compaſles your to the exten 
A B, deſcribe the Arch BC; and 
from the point B, with the ſame extent, deſcribe 
the arch A C, which ſhall cut the arch B C, il 
9 O; then r lines A C, andi 
'BC, each of them ſhall be equal to the mug 
A B, (by Def. 14.) and to one another (bl 
Av. F conſequetitly the Triangle A B C, will 
be equilateral, ( according to Def. 26.) f 
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PRofo8tttoN TY, 1 


tf the line A B of one Triangle, be equal \ 
tte line K D of another Tian le, and 

Fig, 19, alſo the line A GC equal to the lin 
R F. If, farther, the angle A of then 

one, 


rr 


4 
f 


T * ( 
i 
2 


to d b eta to the angle E of the other, tho 


h a Trlangles are equal in every reſpect, 

en ang gene If the line E D, of the Tri- 
_ | 

angle A B C, it will 


erfectly cover it, 


Parts. Be,. 9. and the line E F will fal upon the 


. . 
- l 
* 


wher 
* A hat the point F, will be found upon the point 
but in the ſame manner as the point PD, upon the 
7, the Int B; conſequently the line D E, muſt alſo 

er the line B C, and the whole Triangle 


4 50 F, exactly cover the Triangle A B C. There- | 


it is equal in every reſpect, (by Def. 9.) 
P R O e. V. | 
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equal, the angles B and C ſhall be 


7 


* 5 7 
* 
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n the 


with e equal. Make another Triangle Fig. 13. 


WE F, exactly equal to the Triangle | 
BC, ſo that the angle A, may be equal to the 
eagle D, and the lines A B, and A C, equal to 
in lines D E, D F. ; 

ODemonſtr. If the angle D, be {6 laid upon the 

4 ple A, that the line P E falls upon the line 
6, the Triangle DE F will perfectly cover the 
langle A BC, and the angle B will be found 
Jul to the angle B; but if the line D R be 
d upon the line A C, then will the angle R 
bound equal to the angle G the angles there- 
Fe and G being each of them equal te the 
1 9 B, * eonſbquently equal te one another, 
WW M . | | 


F, be laid upon the line A B, of the 


AC; fince then the angles A and E are 
al, they will likewiſe exactly cover each other; 


5 the lines A B, AC, of the Triangle A B C, | 


| AB 4 | PAO. 
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PA o v. VI, 15 | 


If the angles B, and C, of the N. le ABY 
are equal; the Lines A B, A C, are 9 1 
Fig. 13, equal. Suppoſe, as bete, D 
equal in every reſpect to A B 2 ' 
Demonſiration, If the . DE F, 1 
 transferr'd upon the Triangle A B C, by laying 
E F, upon B C, the one will babe cover "ol 
other ; and if the point E, fall upon the point By b 
the line D E, will alſo be found equal to the lin 
AB; but if the point E, be laid upon the poini 4 
C, then will the line D B, be foun * to 0 
line A C; and conſequently the lines A B, A 
being each equal to the line D E, muſt alſo ( 
. . 0 be equal one to the other. 


P R © Pp. VIII. 


If the lines A B, B C, of the triangle A 80 9 
are equal to the lines DE, E P, of th& 

Fig. 14. 8 e DEF, it is evident ok thi 
Baſe 40 cannot be e 99800 to the kad 

DF, unleſs hy angle B, be equal to the angle E. 
Su A (by y Prop. 4 4 the three lines of thi 
ttrlangle ABC, cannot be equal to the thre 
Unes of the trlangle D B F, without the two | | 
angles are equal In every reſpect. 4 


PA 0 5 IX. 


Te dude an An lo, as 5 A ©, Into two equal 
Parts! the polnt A H center 
A 15. Foleribe the Arch B C, and upon thi 
56 « 1 WWE (by Prop, 1.) make a _ 


4 1 
* ! J 
in 5 * 


1 
3 * 


EVI. f 
ral trlang's BDC, ſo ſhall the line A DD, 
t 


wn from the angular point to the oppoſite In- 

a Bd etion, divide the angle B A C into two equa! 
..; that is to ſay, the angle BAD, ſhall be 
* al to the angle CAD, 4 
Demonſtration. The triangle A B D, has all 


des equal to the fides of the triangle A CP 


{ 


F, U ſequently (by Prop. 4.) the angle BA D, m 
4 N i "#957 to the angle CAD, 


n' "07 

. "nl | | | | 
_ P01 To divide the line A B, into two equal partsa 
to tre upon it (by Prop. 1.) the equi- | 

ral triangles B D A, BCA, then Fig. 16. 

s» the line C D, which ſhall fo di- 
che line A B in the point E, that the parts 
and E A, ſhall be equal. 
PD erotrar: The triangles ADE, BD E, 
e the fide D E common, and the fide B D is 
al to the fide A D, (by Def. 14.) and farther, 


of tha angle A D E, is equal to the angle B D E, 
at th Prop. 9.) Therefore is the triangle A D E, 
ie Bf jal in every reſpect to the triangle BD E, (b 


1 . 4, ) and the baſe A B, equal to the ba 


Pn © P. XI. 


ro raiſe from the Point A, @ line 9 
to the line BC: Make A B, A 

al, and from the pointe B and C, as Ng. 17 
qui ers, with the ſame opening of the 

=_— 1 Nr N A onde 
M oint D, and the Nine I) A ſhall be a per- 
61 Lear, that is to ſay, the angles DA F 
a ter A3 | DA 


' Ay 1 


DAC, ſhall be equal (by Prop, 10 becauſe ae 
the ſides of the triangle D A B, will be equal u 
all the ſides of the triangle DAC. 8 "ny 


Px o». 210 


To let fall a Perpendicular upon a line B 
from a point given without it A. Ou 

Fig. 18. the point A deſcribe an arch, which 
| ſhall cut the line in the points B, and ( 
1 the equilateral triangle B E C, (ba 


; 'F 


WW - 


Prop. 1.) the line A E ſhall be perpendicular 1 


Demonſtrat. Since the triangles AB D, an . 
A CD, have the fide A D common, and A 
equal to AC, and the angle BA D being al 
equal to the angle CA D, (by Prop. 9.) they an. 
equal in every reſpect, (by Prop. 4.) and the ang 
D equal on each fide; therefore is the line A 
perpendicular to the line BC, (by Def. 12.) 6 


4 
Ls q 
ay 7 * 77 
* , 


PR OP. XIII. e 1 + 

The line D-C falling upon the line A B, mak' 
two angles, vis, DCA, D CB, equi 
Fig. 19. to two right ones: for if from the cent 
DO a circle be deſcribed, the ſemic ire 


ADB will exactly meaſure them, (by Def. 1 
Pn O . XIV. | 
Tf the two angles (in the foregoing Figure) vii 


DCA,DCB, are equal to two right ones, 0 


7 1 
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two lines A C, BC, muſt conſequently make b 
one line, which hall be the diameter of the cir ol 


oi 
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ADB, 5 | 
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ual u 

1 When two lines, as A B, C D, cut each other 

the point E, they form four an- 
| of which the oppoſite ones are Fig, 20. 
BO, as BED, C EA, becauſe either 
\, Oi them contain what is wanting in the angle 
my, C. to make two right ones, (by Prep. 13.) 
and \ 1 HE: 1 
„ (0 COROLLARY 
lar ll 2s . 
the line E F, cuts the parallels A B, C D, the 
D, an e E H B, ſhall be equal to the an- 
| Ai Cp; becauſe the two parallels Fig. 21. 
be taken for one line, and then the 
angles are oppoſite, as before, (by the pre- 
ng.) Farther, becauſe the angle A H G is 
lo the angle E HB, as the angle H G D to 
angle CG F, being 8 3 therefore the 
angles EH B, AH G, HG P, C G E, ſhall 
ve equal. The angles CG F, E H B, are called 
«> 5 alternates; the angles AH G, HG P, 
ard alternates ; the angles EH B, H G D, al- 
Na tively oppoſed, Theſe three ſorts of angles 
then equal, when the two lines thus croſs'd by 
ird are parallel: and when they are equal, the: 


WP lines thus eroſo d by a third are parallels, 


BH Prop. XVI, and XXX. 

; with | 4 | | = * 

2 0 * f any ſide, as B CG, of the triangle A B O, be 

ke h duced, or drawn out, it will make 

el exterior angle A CF, equal to both g. 22. 
e interior and oppoſite angles A, h. 8 | 

A 0 1 Bs Damen- 


2 . 
= 
. 
wr 
2 3 


ea 


bp 

Demonſlration, 'Thro! the point C, let the lf 
CD be drawn, parallel, to the Ine A By wh 
will divide the outward angle into two parts, 
which the firit, vis; A OD, will be equal to tl 
angle A, and the ſecond, vis, D C , equal 
the angle B, (by the proceding,) 7 


COROLLARIES. 


1. The three angles of a Triangle are equal bl vi 

to two right angles: For the outward angle. AC 1 
with the adjoining angle A CB, ate «we bY 
to two right ones, { y Prop. T3 Y therefore tif 
angles A, B, with the ſame ang 0 AB. can Þ 
5 equal to two right angles. 7 
a. When therefore a triangle has one angle 10 i 
or obtuſe, both the other angles muſt be acute. Wn 
3. If two angles of one triangle are equal nl 

two angles of another triangle, heir thir e 
are alſo equal, 


| 
- 


dan Nin. 1 

If the fide A B of the triangle ABCis more | 
than the fide A C, the angle C, oppo4 

Fig. 23. ſite to the fide A B, ſhall t e ſeſt tha 

the angle B, © poſite to the fide A 

Take A P, equal to the fide A B, and draw B D. 
Daemon ation, The fides A B, 4 D, of cl | 

int le A B D, being qual * angles A B 5 

halt be eq wal. (b t the ange 

A 1 5, being an one 9 4 reater tau q 

the angle C, by the precedin nals 6 bre the angle x 

ABD will be wels th an the angle C, and en. 


£ 
_ quently the angl 
{gu 0 ag angle A RC will bef 5 ea 
R 0 xl 


| 


3 


WN pin '6 vi" XIX;!_ 
Darts, 
f the. le: B,, le greater than the 
Leg * le 8 tha ds 4 oh ſhall be grouter 
—_—_n the fide A 
non rat, IF th the fide A C, was nor 
In the either it would be be equal, 
= angle'B, ok ual to the angle C, ( ; 
Pe ) or it — 9 o leſs, and the angle 
d Þ greater than- the an 
ing) both of which wou 
poſition. 


the | 


As. 23, 
rote 


ual bi 

AC] * 
ual by : 
ore til 
can [ 


= Px o r. XX, XXI. 


by the pre- 
Id be 87 to the 


ute 


| K 
bd 


Horteſff pA Op. 'xxtt, 


ol Io make a triangle of three given lines A B, 
A CB WD, EF: Firſt lay down a right line * 
15. 


BD. * 
1 
i p : 
q 5 


h 


al in extent to the line A , then 


f cl en the compaſſes to the extent CD, 
B DF ith one foot In the point 5 delerkde — 
angle h then taking the extent B F, between your 
thanWWnpafſts, with = ot In A, make eee 
angle 1 ev JO. former in 0 10 Gy he tel: 
Kh D, (by Def be 1 © — 
vie N 7 PPT e W & G equal t64 

4 | Bet lines: CD, and B 


m Pen 
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PAO y, XXIII. 


To make on the point A, of the line A B, 0 
angle equal to the angle DE F: Fro 
Fig. 26, the point E, as a center, deſcribe u 
arch D F, and from the point A, with 
the ſame extent of the compaſſes, deſcribe anothe 
arch BG; then opening the compaſſes to th: 
diſtance D E, from the point B, as a center, ma 
an arch cutting the arch B G, in the point H, an 
the angle B A H, ſhall be equal to the ange 
DE E; the two Triangles being (by Prop. 8 7 
equal in every reſpect. n . 
PR OP. XXIV. = 


If the ſides D E, and D P, of one triangle, ar: 
| of the ſame length, with the fides CA, 
Fig. 27. and A B, of another; when thoſe fide . 
85 are farther diſtant than theſe, that 1 
if the angle D, is greater than the angle A, the 
baſe E F, will alſo be greater than the baſe B Ci 

which is ſelf-evident, x 


p R Or. XXV. 


If the fide A B, of the triangle A B D, is equi} 
to the fide C F, of the triangle C E F ; 
Fig. 28. it alſo the angle A, be equal to the 
angle C, and the angle B to the angle 
F, he two triangles ſhall be equal in every i 
re1pect, | | wo 
emtonſtration. If the . G.E P, be laid if 
upon the triangle A B DD, in ſuch manner that hf 
he fide C F, falls exactly upon the fide A h, the . 


mw 
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N 
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At 
117 1 
1 
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FA 
FF 


4+ 
| 
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4 
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+ KR 
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þ [ig] | 
, vl le C agree with the angle A, and the 

n 5 5 the 1 * as 1 n the line 
will fall — th i and the line 
on the line BD, and ro triangle © F E, 
ly cover the triangle A BD, 


\, wii pa ov KXXI, 


0 . 
to the draw thro? the point C, a line parallel to 
, make Wine A B: Draw t eline C D, and 
1, an Ine point C, make the angle D 75 Fig. 29. 
2. 909 al to the angle C D A, f by 
op. 8 Y . 2.) and the line E C, ſhall be parallel to 
une A B, (by Cox. to Prop, I 5) 


PR O xy. XXXIII. 


le, ar ih the lines A B, DC, are equa 
; Call 1 allel; the lines AD, B N 4 Fig. 30, 
© fide i | W equal, and parallel: Draw AC. 
1 = Denon ſtr ax. he — 15 ne B 8 * D ©, 
3 al in every re Yo cauſe 
> BCY 4 file AC, bag ow: pany to Cook 225 the ſide 
B, of the one, is ſu Aa es eq ual to the fide 
=D of the other farther, the alternate in- 
rd angles B A 0 DCA, are equal, (by | 
to Prop, 15.) Therefore the baſe B C, mu 
W_ ual to the baſe AD; and the angle A 0B. 
1 ual to the angle CA D; and conſequently B G 
10 | a be mie to A D. 


pA O. xxxiv. 


8 ll W if AB js parallel to D 6, and A9 
alle) to B E, the oppoſite des, and Ng. 39, 

rn Wn gles of the eee ABCD, 
1 hall be equal, 


Demon. 


ET c 16 1 * 
Demonſtration. The triangles A B E, A 94 y 
having the baſe A C common, and: the inwh 
alerare angles BAC, DCA, RE 9 ky 

equal, muſt be equal in every reſſ 105 182 j 

by therefore A B, is equal to u 

to AD; and the angle | , equal to 0 cy * 


PR 0 P, XXXV. | 15 


5 | | pl 
If the Parallelograms A B CD, EC D, ha 1 
the ſame Baſe C D, and are betwe para 
Fig, 31, the ſame arallels © D, AF, thy it 
_ fhall themſelves be equal. 1 
Demonſt, All the ſides of the triangle A C 
being equal to the ſides of the triangle B D E, (ol K 
the — ) the two triangles are equal, ( 
Th 4, nerefore if from each, the trlang 
E, which is common to both, de taken a Wayg * 
—_— t, which remains of the firſt, will W Wn 
equal to the ſpace 3, the remainder of — ſeeond 
and ee the ſpace t, with the trlang 
CDG, or the: parallelogram A BCD, will 1 $ 
equal. to the ſpace 2; with the ſame trlang 
p, or to the e EB F OD. { 


P A O Pi xxxvi. 


If the p dai ris A BOD, EFCH, whidl I 
ween th ſims P31 A (10 | 
Fig, 4244 BH, have thelr baſe G, eq ual 
they wil! AW of hen be equal x, t11: 
parallelogram © (by the preceding) au 
conſequently one to another, 


P & © 


t 


f nw; "NY P R 0 f. xxxvil. 
by PH che lat ABC, CE G, are Nane the 


= parallels B P, A G; and the baſe 
of the one, equal to "a baſe CG Fig. 332 
4 e other, they are equal; becauſe 
reis the halt of the allelogram AB DC, 
the other is the half of the parallelogram 


Gl 


9 


_ hi G, (by Prop. 34.) which is equal to the 
betwel eren 4 BBG ; C, (by the prece ing.) 
, than 

M8 P A O P. XLI, 
5. the Triangle AB E, has the __ Baſe AB 
al, (e parallelogram A B D G, 
lang s between the fame parallels A B, Fig. 34. 
wa it ſhall be the half of the paral- 
vil] 1 rim ABO PD; in the ſame manner as the 
1 ch pos A ABC, _ (by the preceding ) is 
lang 
al PROP x vi. 


the ang le A, 7 Fs langle A P 5 le right, 
| bien U. | Rl 1 8 
te t ih 


22 r * Fig: 43; 
W 7% G50 the vare 
A 088.” 
1 vpoſb 1 ſhuaze ta, each mad 
e bo proper 197 1 4 the lines C ; OA, will 
dl 105 one line, go wil Baan i 6 N F 1 


9 


he A 164 8 FD 
eng drawn * to MM 
Niall divide the ſquare Þ B, Inte two 


8 ular Ile! f which the one 
A. parallelograme z of whis on 


ih 
1 


F 


1 
A 


E, fhall be qua, to the ſquare of the fide A $ | 
* if 


and the other F B, equal to the ſquare of 
ſide A F 0 | | 7 | 
Demonſt. The triangle FC D, having 9 
ſame baſe C P, as the ſquare D A, and being 
| tween the ſame parallels F A, C D, will be jv 
equal to its half, (by Prop. 41.) in the ſame na 
ner the triangle A B C, will be half the rear 
CE. But the triangle FC P, is equal to Win 
triangle A B C, (by Prop. 4.) becauſe the ih 
CB is equal to the fide C F, the fide C A, to thn 
fide C D, and the angles A C B, FC D, are 1M | 
equal, rer each com poſed of one right, and N 
angle FC A. Therefore the half of the ſqu 
A P, is equal to the half of the rectangle ( 
and conſequently the whole ſquare A D, will Wl } 
equal to the whole rectangle C E. a 
In the ſame manner it may be ſhewn, that win 
ſquare F G, is equal to the rectangle F E. Wi 


& * 
y 


. \& 
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PF " 4 
ide A Y 
Ine 
ving | 
eing i 1 
be j 
me * 4 q . 
rectangl 
] 50 = | 
the f Vp | 
, to nl 
are i * 
1 
uz 
A 
11 

Will umber of ſquares which it con- 

t a Wn Therefore to find the content, Fig. 1. 
hat 'wp Y Wltiply the length, by the breadfh. 


N Rectangle is ſald to be contain'd under 
of ines, one of which expreſſes its 
| , the other its breadth. Thus Fig, I. 
Paangle D, is contain'd under the 
AC, BC... 


1 The Diametey, or Diagonal of a 5 
cle, is a line drawn from ons Fig. 4. 
. to another which is oppoſite, 


B O O K I. 


DEFINITIONS. 
| netmngte, is a Parallelogram, which has 
all its Angles right. 725 


pA e P. . and it. 


the fide A B, of a reftangle 
eh, be divided Int a L Fig. 3. 
oer ef parts, as fl 755 three, an 

each part be form'd a g min" 


Erne Value, or Content of a Rectangle, — 


its breadth, and the other part C D 


7 . tight, (by 34. t,) farther, all its fade 


1 40 

"ns height A C, with the rectan le AB ci 
2 three rectangles {0 made, will be equal u 
rectangle A B C H. For of theſe rectangles i 735 
DG, 8 H, is compoſed the rectangle 4 00 4 


PROP. III. 


If the * A B, be divided in the point C, 
endicular A D, be equal to 5 
Fig. 4. . * parts, as A. C; the reta_ 
4 5 f D. will be equal to the ſad 
of the part A C, to wit, ADE C; and 
rectangle C E F B, which has the er! AC 
r its deu 


LIN N A. 


If thro? the point I, of the diameter of a 0 I 
DB, be drawn two lines parallel to 'Z De 
Fg. 5 ſides B A, DPA; therc will be for 4 | 
four rectangles, of which the two nel 

= croſs'd with the diagonal will be ſquare 
wit, G, and H. 5 
Demon. All the angles of the Parallelogl 


aa b or in the right angled, and 1.5 | 
BA, the eq at wy N „and D, ba 
N if 5. 1.) eq wat but. to one are each of th 23 

1900 * les. 86 In the 118 t angled trlau 
O, 1 angles I, and B, being equal but to 
Hat the angle I, will be half 4 right an le, 
"= ww" By and _ uently the wn B 


1, as Alſb thelr op 
N Bj wo ther W G, wil Xe 


Pad a 
4 
4 : 


211 


i b 4 
$ | 4 
I ; E 1 
R 0 P. V. | | 


Ie e A B, be divided in the point 0. the 

a ſquare of the line A B, will be [4 

eo the ſquare of the part A C, and Fig, 5; 

WY uare of the part B C, and two 

es whoſe baſe ſhall be A C, and height 

1 that is to ſay, the ſquares G, and H, and the 
les L, K, (by Lemma preceding) 


14 V. 


ie line A B, is divided equally y in the point 
une ually in the point D, the 
ee of the unequal parts A D, Fg. 6. 
Nith the N 5 of the line C D,* '4 
q ith equal to the ſquare of the part Ved 
13 The line D G, or A H, is e ual to 
B, (by Lemma precedin 90 and the line 
3 equal to the line C A, by the ſuppoſition 
ore the n DE, © are equal; an 
each be added the rectangl ale D F, then will 
_ ho ſquare C E, be equal to the whole 
ig 2: D A, which is compoſed of the rectangle 
88 paris D H, and of the n of 
of | 


PA OO. VI. 17775 


he line A B, be divid d equally | 
e 1t be end oh ld BH —_ 
7. 


al Wy ure of the Ine 0 15 will be 
| to the reftungle K A, whoſe 

ls A* 1 line A D, and | broadth the an- 
wag \ D, with the ſquare H O, whoſe fide 
Demon. 


al = 

Demonſt, The line BD, or HK, is e wi 1 
the line F A, (by Lemma recedin "and f 
AC, or CB, 10 ual to the line * | 
the rectangle K 1, is equal to the 5 le cy 
adding then to both, the figure G CD angle 
rectangle K A, with the ſquare GH, will — 1 
to the ſquare CE. 


P A O . XI, 


If a ſquare be form'd upon the line A B, 
one of its ſides, as A C, be h 

Fig. 8. vided in the point D: If, farther, Wn 
line D G, be drawn e val to the wal 

BD, the ſquare AG H F, fal be equal to 4 | 
rectangle FR, ud 
Demon. Since the line A ©, Is equally af 
1 in the point P, and 1s len ngthened by by the 
G, the reftang le & H, with the ſhuare of 6 1 

ln A'D pin be equal to the Ty of the 


G, ot the preceding 1) But the 8 wit 
1 E, with the Nath of 57 uy ” 1 alt e108 
to the ſhuare of the line D (by 47 > ) Ti 
_n the yt AE wy equal 10 the efwnls CN 
ta wig then away h the tefta an I. 


yt kde 1 ' will be equal to t 


DEFINITIONS. 


EN one line meets — 1 without 
 _ e_iting it, we {ay it touches 

a Tangent; Thus the line AB Fig. t. 
„or A 1 to the elteum- 
va of the elrele 


he Segment of a elrele is a part 
* with A cord line 1 or It le a Algure Fig. . 
ed by a 15 Une, and an are "of | 
10 * WA 


& oy Is 6 2. of 4 elvels 


Id ada it ft” v1 Nu.. 


i angle is fald to be In a {0 1 55 when 
ee ef yo gment is tak Tn 
Fg, 4: 


| 100 he *. 4 the 1 0 5 
ies the us the 
4 * i ud be tn he omen 30 
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Pa o Pp. I, 


If from the middle of the line 1% 
Fig. 5. be rais'd the perpendicular A P, it fu 
8 paſt thro! the center of the circle 1 
Demonſi, If any Point E, not in the line 1 
be the center of the circle F B C, the trial 
BEA, CE A, will be equal in every re 
(by 8. 1.) then would the line E A, be per end 9 
lar to B C, and not F A, as was ſuppoſtd. 


P RA Op. II. | 1 

If from the center D, of a cite 

Fig. 6, DB be drawn perpendicular upon 4 

it ſhall divide the line A C into tl 

equal parts B A, B C. 3 © 

Demonſt, In the triangles A BD, CB D, u 

are rectangled at the point B, the angles C, and 

being equal, (by 5. 1.) their complements B 1) 

B DT, will be alſo equal; and becauſe B 

common to both Se and the fide 1) 

equal to the fide DC, the two triangles ſhall Bl 
equal in every reſpect, (by 4. r,) and the bij 

BA, BC, equal, | — 


* 
s 


Pos, VII, 


If from the point A, in a circle, of which i 1 
not the center, ſeveral lines be «rv 
Fig. ). to the circumference z the line Al hen 

which paſſes thro' the center C, (1118 

be longer than any other, as A D, Ce. 
Demos 14 | 

1 


48 
* 7 
1 
1 
; 
A 


7 


ol 


enonſrat. The line A C B, Is equal to the 
we des A C, CD, of the triangle AC D; there- 
WY: is longer thun the fide A P, (by 20, 4.) 
ain, A D, ſhall be longer than A E, which 
ther diſtant from the center. „ 
9:10, The lines A C, CT, being of the 
length as the lines A C, C E, and making 
triangle A C 5, greater than the angle A CB, 
WI 105 make _ aſe A D, greater than the baſe 
NA 24. 1. | 
i 05 A F, which makes one line with AC, 
RS be leſs than an} other, as AE, . 
1109, FA, with A C, ate equal but to CE; 
eas A E, with A C, are longer than CF, 


| K : on £1 


nto e Prov, XVI. 


e line BC is perpendicular upon 
aof che diameter A B, it will Fig. 8, 


BD , or be a Tangent to the circle. 
BD. IF it were to cut the circle, ſome of 
le inte, as C, would enter, or be within tho 
hall WP 3 4nd the line A C, being oppoſite to the 
he ba angle B, would be leſs than the line A B, 


wh h is oppoſite to an acute angle C; which (by 
cannot be. i 
9 


5 

1 \ 

_ 
18 '1 


ih it 
 dravi 


LIM MAXI. 


the 1 AB touch the circle, and the line 

cut; the angle B AC, ſhall be 

e Al _ by halt the arch AC, Draw Fig. 9. 

O, (110088 the center D, the line D E, perpen- a 
er to CA, fo that it may equally divide 

ee A C, in the point G, and the arch A C, 


Demouſt. 


Demon point E, (by 1. z.) 


[ 26 ] ; 

Demonſt, The angle A D G, with the a 
D A G, are equal but to one right, (by 16. 1.) 4 
the angle BAC, with the ſame angle D A G, vm 
be equal but to one right, (by 16. I.) therefore; 
angle B A C, is equal to the angle A D G, whil 
is meaſured by E A, half the arch AC. 

The angle C A E, ſhall be alſo meaſured M 

half the arch CH A; becauſe (by 16. 1.) the ol 
ſequent angles BAC, C AF, are meaſured ww 
half the whole circle. ah 


L I M M A Il, 


The angle A B C, whoſe point touches 

| concave circumference of the circle 
Fig. 10. meaſured by half the arch A C, u 

_» Which it reſts. Draw the tangent I!" 

Demonſtrat, The three angles D B A, A 
CBE, are meaſured by half — circle, (by 13; 
the angle D B A, is. meaſured by half the ah 
B A; and the angle CB P, by half the arch (Wn 
Q, emma . ing) therefore the angle A 
ſhall be meaſured by half the remainder A C. 


Ws 
T g ( 
t 9 

z N 

A 1 


P R Or. XX. 
The angle A C B, at the Center, is double 


angle A D B, at the circumference (Wl 

Fig. 11, circle; fince (by Lemma preceding) Wl 

latter is meaſured by the half of 

arch A B, the whole of which arch is the con 
or meaſure of the former, | 


1 
t 
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a. 
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e ang 5 
. 1.) #8 PRO. XXI. 
G, v8 
e | ſuch angles of the Circumference, 3 as reſt 


| 11 the ſame arch, are equal; each having for 
Meeaſure (by Lemma preceding) half the arch 


,rcd WS which it reſts. 
the cl | | 
cured PARA Or. XXII. : 


1 che four an gles of the aadrilateral figure 
ASC D, fall —. the — erence of 
cle, the oppoſite angles A C, or Fig. 12. 
are equal to two right; becauſe 


0 2 F Ingle A, is meaſured by half the arch B C D, 
C, vw he angle C, by half the arch B AD. 

nt 1) - "i N 

X, A 1 | 1 1. XXV. | 

; 7 au find the Center of a circle whoſe circumfe- 
arch (nl 1 1 thro' three given points 
le A iſect the lines AC, C E, in Fig. 13. 
AC. y — B. D, and draw the perpen? 


Irs B G, 5 F, and the point H, where they 
Ich other, ſhall be the center of the circle-; 
YH I, 3.) both the lines B G, and DF, muff 
ro ' the center, 


a 


0 

2rence ( 4 PR O y. .XXXT. 

eding)'$ 

alf of Mn angle at the circumference A B 6 reſls 


he conif 1 the ſemicircle A C, it is a right 
p but the angle B 'D C, which Fig. 14. 

pon the arch BAC, greater than 

Neircle, is an obtuſe angle; and the angle 

v » if C 2 CAD, 


[ 28 N "x 
AB, reſting upon the arch BD C, leſs thin 
ſemicircle, is an acute angle; all which is evid 
from Lemma 2. preceding. 0 


PR OP. XXXII. 1 
If you draw the tangent BAC, and the 1 wh 


4+Y 


AD, to cut the circle in the poin 
Fig, 15. contact, the angle C A D ſhall 

equal to the angles of the alten 
ſegment A FD, becauſe (by Lemma 2.) both 
meaſured by half the arch A D. In the {i 15 
manner the angle B A D, ſhall be equal to al 
angles of the ſegment A E D. 0 


PAO. XXXIII. 1 


To deſcribe upon the line A B, an arch v. 
half ſhall be the meaſure of the al 
Fig. 16. C. Make the angle B A D, equ 
the angle C, (by 23. 1.) then ha 
drawn A F, perpendicular to A D, make the al 
A B E, equal to the angle B A F, and the 
B E, ſhall eut the line A F, in the point G, vi 
ſhall be the center of a elrele, of which the e 
lines G A, G B, ſhull be radii, (by g. f.) the 
AD a tangent, (by 16, 4.) and half the uren 
ſhall be the meaſure of the angle B A D, «8 
angle C, (by Lemma 3.) | ( 


pA o r. XXXIV, |. 


To cut off ſuch an arch A C, 8 
circle, as that its half ſhall be Wy) 
meaſure of u given angle D, or, ind 
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Fig, 17. 
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Mm wo] 

Qs, a circle being given, to cut from it a ſeg- 
s evils capable of a certain angle. Draw the tan- 
| | E A B, and make the angle B A C, equal. to 
nh Ingle D. 
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_ DEFINITIONS. 
1. A Rectilinear figure is ſaid to be inſcribed 


a circle; or a circle is deſcribed about 
rectilinear figure, when all the angles 
Fig. 1, the one fall into the circumference #0 
the other. Thus the triangle A B C, 


inſcribed in the circle AB CD. 
_ buvs 


2. A rectilinear figure is deſcribed about a cole 

| cle; or a circle is inſerlbed within ** 
Fig. 2, rectilinear figure, when all the ſides WW 

the one touch the circumference of ti 
other, Thus the triangle A B C, is deſcri 
about the circle DE F. „ 


Fig, z. the line A B is inſcribed in the c 
2 A BC. | - jſ-- 3 


Pxo»s 


To inſcribe in a cirele A E B D, nd't 
Fig. 4. line B C, not exceeding its diameter 
take between the feet of your compaſl:« ney 

the length of the line B C, and ſetting one foot 8 

| | 00 L by g 
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f the extremities of the diameter, deſcribe 
ee cutting the circle A EBD in D, and 
ben draw the line B D, or BE, which will 


of alto B C, (by Def. 14. 1.) 
| Prov. II. 


2 inſcribe in a circle a triangle E G II, cqui- 
iar to another triangle AB C. 
the tangent FD, and at the point Hg. 5. 
rtact E, make the angle DE H, 
-ribed to the angle B, and the angle FE G, 1 5 
about k angle C, (by 23. 1.) then draw the line 
angles and the triangle EG H, will be equiangular 
erence t triangle A B C. 
ABC, ont. The angle D E H, is equal to the 
E G H of the alternate ſegment, (by 32. 3. 
büß e angle D E H, is equal to the angle B, an 
it a case (EC uently the angles B, and G, are equal, (b 
vithin .) by the ſame reaſon the angles C, and II, 
ſides Wo equal; then ( Cor. a. of 16. or 3a. of 1.) 
e of les A, and G E H, will be equal: there- 
eſeribeh he triangles EG H, and A B C, are equian- 


i 


ad 
6 
; 1 p 


P R o v. III. 


Leſeribe a triangle L M N, about a circle 
K. equiangular to another triangle 

. Produce one ſide of the given Fig. 6. 
e, as BC, to D, and F; then | 
mils the angle GIH, equal to the angle ABD, 
B D, Me angle HI K, equal to the angle A C E, 
metet iii the tangents L G , LK N, and N H M, 
1 paſſe the points G, K, H, and they ſhall concur 
foot ilWgles equal to the . given. 


60 4 Demonſt. 


W. 
1 „ 
K 
wn, ; 
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Demonſtrat. All the angles of the quadril: 
ral GI H M, are equal to tour right angles, 
cauſe it may be divided into two triangles. 1 
angles I G M, and I H M, which are made by 
tangents, are right angles; therefore the ant 
M, and I, are _ to two _ angles, as arc: 
the angles ABC, and ABD: but the a8 
G 1H, is equal to the angle A B D, therefore 
angle N, will be equal to the angle ABC, i 
the ſime reaſon the angles N, and A C 5, 
equal z and theretore the triangles L M N, va 
AB 5 are equiangular, (by Cbyo/. 2. of 16.408 
22. 1 IS | | | | 


PR O. IV. 


To inſeribe a elreſe BF G, in a trlangle A jd A 1 
Biſen the angles U, and C, (by the, 
Fg. 7. drawing the lines g D, and CD, wii 
WVPoiull coneur In the point D oo W5 
=_ D. draw the perpendleulars D E, D F, oo 
G, which will be equal, (by /. 14. 1.) 
that a clrele deſcribed from the center 5, at \ 
diltauce D E, will paſs thro' F and G. We, 
Lemonſirat, The triangles DE B, and 5 
have the 1 E and F equal, being both rid 
the angles D B E, and D BF, are alſo equal, 
the fide D B common: therefore the triangles ll 
be equal in all reſpects, (by 25. 1.) and the 10 5 
D E, and D P, equal. In the fame manner nl 
the ſides D F, and D G, be proved equal. 
circle may then be drawn, which ſhall paſs t 
the points E, E, G; and becauſe the angles F, 
and G, are right angles, the fides A B, A C, 
B C, will touch the circle, which will conſequ . 
ly be inſeribed in the triangle. 
5 | | PRO 


1 
ngles, 8 IF R OP. V. 


les. Tn. | it a trianole, fee" 
de by 2 _— a circle about a triangle. See 
the an" | | | 
as arc 1 P RA OP. VI, VII. 
the a | ; | | 
refore 8 inſcribe a ſquare In a circle A CI P, or to- 
B C. oe a ſquare about the ſaid circle; 
s dran the two diameters A B, Hg. 8. 
5, cutting each other as; 
at the center E för the inſeribed ſquare, 
the lines AC CB, BD, D A, and it ls 
and for the elreumſerlbed ſijuate, it is 
na by drawing the tangents FG, G H, Hl, 


— 


le a 1" F, all which le evident, 
the, | | 
D, wii P N O. VIII. 


17 wht © inſcribo a eltele In a ſquare, Bl. 
F, «ſeveral Ades, and tho poine E, 9. Fig, F. 
* * the lines concur, will be the 


d DF . | | T0 8 


1ua!, , deſcribe a circle about n ſquare, 


1 dhe diagonals A B, and C B, and v. Hg. 8. 
n the int E, where they cut each other, | 
Noe the center. 


7 05 C 5 R A O P 
1{eque "If | | . 


e 


= 
. 44 N. 
1 7 
r 
tt Ws . S 
„ 5 67 
140 
1 
WY 8 


1 341 
Pa . 


To deſcribe an iſoſceles triangle A B D, oa 
= ing the baſe angles B, and D, «Wl 
Fig, 9. double to the angle A. Divide 
. line A B, (by rr. 2.) ſo that the ſql 
of A C, may be equal to the rectangle under \ 
and B C; and from the center A, at the diſtal 
A B, deſcribe the arch B D, in which draw 3 
equal to AC; then drawing the line D C, 
ſerlbe a circle about the triangle AC P, ( * 


oh kW. | 
emonſtration. Since the ſquare of AC 
B D, is equal to the rectangle of A B, and 3 
and the line B D, touches the circle A C D, at- 
point D; therefore the angle B D C, will be eq 
to the angle A, comprehended in the altern 
ſegment CA D, (by 33. 4, , Now the an D 
B CD, Was external angle In reſpe& of 
triangle A C D, is equal to the angles A, 
D A; therefore the angle B CD, le . by 
the angle BD A, Farther, the angle A I B. 
equal to the ng ABD, (by s. r.) there 
D CB, and D C, are equal, and (by 6. 1.) 
fides B D, and D C, will be equal; and fince B 
18 equal to , the ſides , an , will 
qual to A C, the ſid AC d C D, will! 
equal, (by Ax. 2.) and ſo likewiſe the angles ll 
and CD A; therefore the angle A D B, is doub 
the angle A, . 3 


1 
4 
* 
0 
0 


An XI. 


5 To inſcribe a regular Pentagon in 0 
Fig. 10. circle. Deſcribe (by the prece ine 0 

iſoſceles A B ©, having each of its - "if 
Fon” al 


SJ 2 
„ B, and C, double the angle A. Then (by: 
WS. .) inſcribe within the circle the triangle 
F, equlangular to ABC; next divide the 

«ne: Db E, and DF E, each into two e val 
| D, . and draw the lines E G, and F H; laſtly, 
Divide the lines D H, D G, G F, E H, and you 
naẽe deſerlbed a regular Pentagon, that Js to 

Je pentagon having equal ſides, and equal: 


9. 
"* 7344 The angles DE G, G E F, DEH. 
r k, being the halves of the angles D E P, 
r k, each of which Je double to the — 
pu, are equal to the angle B D F z and conſe» 
ay the five arches upon which they reſt, are 


| WS, (by 21. 3.) ſecondly, the angles D 
D, at F oe: 1955 — three of hoſd-oqual 
[1 be eq e for its baſe, will be alſo equal, (by Av. g.) 


altern tore the fides and angles of the pentagon 
the an MI! F G, are equal, 
A, Paoyr, XII. 


$ equa „ 
\ 1 3, Fo deſcribe a pentagon about a circle, Inſcribe 
ur pentagon AB C D E, in the 
e. (by the preceding) and drawing Fg rt, 
ents thro' the points A, B, C, D, E, | 
the 15. ;.) you will have deſcribed a regular 
gon about the circle. | 


Peas, XU, AY. 


No inſcribe a circle in any regular Polygon; or 
I eccribe a circle about a regular Polygon. Bi- 
igon in any two ſides, or two angles not oppoſite; 
þ ine where the lines concur ſhall be the center. 
Its b "y | 5 
ang W * U 6 | P O f. 


11 
| P u 0 v. XV. 
To inſerlbe a regular Hexagon in the elrele 


ABCDEP;. draw the diameter WW 

A D, then with the compaſles open'd 

to the radius of the elrele, ſet one foot | 

in the 33 and deſcribe the areh C E, then 
e 


Fig. ta. 


draw the diameters EG B, and CG and the 
ance ably AF, FE, Ce. fhall form the Hexagon 
required. 


Demonſivat, T's evident, that the triangles 


CDG, and DGE, are equilateral z therefore 
the angles CG D, D G E, and thoſe oppoſed to 
them at the top BG A, and A G F, are each of 
them the third part of two right angles; that is 
to ſay, contain 60 degrees each, 
angles that can be made about the ſame point, are 
equal but to four right angles, or $60 degrees: 
therefore taking away four times 60, that is, 240 
from 360, there will remain tao for BG C, ane 
FG F, which therefore each contain 66 degrees 
conſequently all the angles at the center being 
equal, all the arches, and all the ſides will be 
equal; and every angle, us A, B, C, Cc. will b. 
compounded of two angles of 60 degrees each, 
that is, 220 degrees, and therefore will be equal, 


COROLLARY. 


The fide of a hexagon is equal to the ſemi: 
diameter. DO 


4 


PRO. 


ow all the! 


may 
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ee To inſcribe a regular Pentedecagon In a clrele; 
ter Mnſerlbe in the circle an equilateral trl- 

nd angle, (by Prop. 2.) and a regular pen= Fig. 14, 
dot Mſtagon, (by Prop, 11.) ſo that the angles | 
den ay meet at the point A 1 the line BF, will be the 
the ade of a Pentedecagon, 3 
aon Demon. Since the line A N. Is the ide of an 
equilateral triangle, the arch A RB, will be the 
zles chird part of the Whole circle, that is, vo flfteenths. 
re But the arch A E, equal E F, being the fifth 
| to part, will contain three fifteenth conſequently 
| of the arch B. E, being one third of BE F, will be one 
+ is {MY fifteenth, £ En 

the ll | 
are Aa Supplement to this Fourth Book of Ruelid, 
E! HAY bade this „ ine / had, to divide 4 
40 circle, as A BCD, into any number of equal 
TR parts, not exceeding ten, 

v8 z Deſcribe a elrele, whoſd conter let be E, and 
ing BY croſs it with two dlameters A C, and 

be BY B D, at right angles to each other! Fig. 14. 
be. and ſet off from the paint A, A ©} and 

os AC, equal to B Etheradius, and join O Q, (6 


hall O Abe the third youu of the circle z 'then 

join A B, which line A B, will be the fourth part; 

upon L, with the diſtance L B, deſcribe the arch 

BM, and join B M, which line ſhall be the fifth 

mi- part; A E, or B E the radius, is the ſixth part; 

and L O or E Q,, the ſeventh part; biſeet the 

angle A E B, and K A, will be the eighth part; 

divide the areh QA O, into three parts at 8, and 

vi joins 55 which will be the ninth part; laſtly, 
& M, will be the tenth part, | 
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DEFINITIONS. 
Part is a leſſer quantity compared With a 
| 


_ thus A rule of two foot, 18 A part 
ve: 


2% A Quantity which is exaftly eontaln'd « 
 gertaln number of times in another, is call'd an 


ay 


part o 


particular name from the number of times it is| 


conta! 


when 


ot parti thus a rule ot two foot is an aliquot 
of one of four foot z but is term'd an aliquant 


F one uf five fact, An aliquot part takes its 


nid in the quantity of which it is a part : as 


it is contain'd twice, we call it a half; it 


thrice, a third ; if four times, a fourth, 896, 


3. The Ratio of one magnitude to another, i 


the relation that the one has to the other, with 


regard to the number of times it contains any ot 
its aliquot parts: thus the Ratio of a rule of two 


foot with one of fix, is the relation or reſpect it 


has to the rule of fix foot, in that it once contains 


its third part, 
twelfth, Ec. 


twice its ſixth, and four times its 


4. There 
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one f 
ok tit 


ratio! 


of an 
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11 
4. There are two ſorts of Ratlos : 1. When 
one magnitude exactly contains a certain number 
of times an aliquot part of another, as a rule of 
two foot contains the third part of a rule of fix 
foot exactly once, in ſuch caſe the ratio is call'd 
rational, 2. When one magnitude does not ex- 
actly eontaln = number of times an aliquot part 
of another; as {t happens With numbers bY ql an⸗ 
titles which are ineommenſurable. For Bxample, 
the diagonal of a ſhuate is ſomething leſs than 
three times the half of its fide, an 12 
more than Rive times the fourth part, Ce. withs 
being the exact meafure of any part i In ſich eaſe 
the ratio is Irrational, 


{ In every Ratio there are two Terms, the 
first of which is eall'd the Antecedent, the other, 
the Confequent zi Thus in the Ratla of the mag» 
nitude A, to the magnitude By A is the Antees :. 
dent, and B the Conſequent z on the cuntrary, if 
the Ratio is expreſi'd, as B to A, then is H the 
Antecedent, and A the Conſequent. 


, 
N 
* 
: 
2 
94 
5 
1 
* 
x 


6. If the antecedent exactly contains its conſe- 
quent a certain number of times, the Ratio is 
call'd multiple, and is ſaid to be double, triple, or 
_ 13 quadruple, Sc. according as the antecedent con- 
tains its conſequent twice, thrice, or four times, £9c; 
but if, on the contrary, the antecedent is exactly 
wo contain d a certain number of times in its conſe- 
it ¶ quent, the Ratio is call'd ſub-multiple, and is ex- 
ins Bpreſs'd according to the number of times, by the, 
words ſub-double,. ſub-triple, or ſub-quadruple, 


Ce. 1 
- % 


ere 
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7. We expreſs the value of a rational Ratio.by 
the figure ſhewing the number of times the ante. 
cedent contains its conſequent, or one of its all. 

uot parts and theſe figures we call Exponents : | 
Ai 2 is the Exponent of double Ratio, and + is M 
the Exponent of (ub-duuble Ratio, In the fame | 
manner J is the Exponent of a Ratio, wherein the 
atitecedent contains three times the eth part of its | 
eonſtquent; 5 C | 


g. Two Ratlos, whether rational or fetational, 
are fuld to be equal, when the antecedent of the | 
one contains buy aliquot part of its eonfequent, 0 
MANY times (whether corny Ve pot) as the Ate: 
evdent of the other eontalng the fans park of its} 
eonfoguent + Thus not only two Ratin's double, 
of fu double, triple, or fyb-triple, aro 10 and 


Alb all elena Rara Which have the fame Rx: 
aN 4. but even the Irrational Rarla A and B 
nal be equal, If the antecedent of the Ratla A, 
contains tho third part of Its conſequent ſome: 
thin leſs than fix times, and Its flxth part ſomo. 
thing more than eleven times, Ce. and the ante-| 
cedent of the Ratio B, in the tame manner con- le 
tains ſomething leſs than ſix times the third part 


of its conſequent, and ſomething more than eleven| naw 
times its ſixth part; and that the ſame may be 10 A 


ſald of all the other parts both of the one, and the i gren 


other con{equent, | 
9. Proportion is an monkey of Ratio: Thus 
we ſay, there is a proportion between the magni- 
tudes or quantities } , B, C, D 5 if the Ratio of If 
| 1 _ to 


Tel 


o bye quantity A to the Wt þ is equal to 1 


Latio of the quantity © to the quantity 5. 


nes ! 
hich is uſually expreſ('d in the following man- 
* 1 A 1B 1 C , that is, as 1 18 — i voy" 


Job. bloportlo re ulres at leaſt three Qu Quan 
Niles; for there eannot be two Ratlos Without at 


F l et three Quatitities, 

Wal, PR OF. VII. 

e Quantidlus A and Bar qual, they wil 
e wy an Bi al wy 1 tg any third unte y, 4 935 
Uthe quantity A, will fon very part of G. 

ble, 1 ie as the quant ly B, will 108 the 
Ange. Ihe mAnier t L wantit 

u. ane the Aon rtlo ta buth t e 1 A in 

A bovaufe It will gantaln any part of the ang, as 

A ny Ames de It will eantaln the ſüme part of mo 


other, 


Pa 0 v. vllt. 
lf A is greater than B, It will have a greater 


— Writiv to C, becauſe it will oftner contain any of its 
"hl parts. On the contrary, C will have a leſſer ratio 


o A, than to B, becauſe the parts of A being 
greater than thoſe of B, _P vill be be ſewer times 
contain'd in C, 


hy "x P R o 2, IX, 


) of If his two quantities A ani B have the ſame 
ratio to a third as C; or if C has the fame m_ 
to M as to B; the quantities A and B are equal. 


5 PAO r. 
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B 1 G will contain twice the third part of 
conſequently A and C will contain twice the third| | 


[42] 
P * 0 „ . 


If A has a greater ratio to C than By z or if 9 
has a leſſer ratlo to A than to By A mult bell 


greater than B. 


Theſe tuo Propuſitions are demonſrates as tht 
foregoing. 


in lden, that two ratio's are equal, if each 
is equal to a third, 


PR OPf. XII. 


10 A B:: C: D, then by conjunctlon A and] 
C: BandD:: A:B. 
Demonft, If A contains twice the third * a 0 
and 


part of B and D. 
| P R O P. xl. 
If A: B:: C D, and A, has a 


greater ratlo to 


B, than E to FE, it is evident, that C will have a 


greater ratio to D, than E to F. 
Pao», XY; 


It is alſo e that Ai is to B, as + the half of 
A to the half of B, 'the fourth of A to the fourth 
of 2 and ſo to the other — ou of A, and | 


PROP, 


[4] 
Prov, XVI. 


if of If At BitCiTD, then by exchange, A Alen 
ſt bel D, appar theſe four quantities of the ſame. 
8 that is, all lines, or all ſuperficles, or all 
108, 


Demonſt, If A is 4 of B, then will O alſ be 4 
D; ſeeing therefore 4 of B, are to 4 of D, as 


0 D, 8% the preceding) * it = be concluded 
it At 


| tif 


por. XVIL 


11 A1 BIC D, then by dlvlſon A leſt B. 
11 C leſs D : D, | 
Demonſt If A contains 4 of B, C will alſa 


tain 4 of D; then as A leſs B, is equal to 3 
B; ſo CleſsD, is equal 4 of D. 


B FA leſs than B, A leſt B will be a ns- 
eative quantity, that is, leſs than nothing. 


and! 


t of 
and 
ürd! 


P R O p. XVIII. 


If A: B:: C: D, then by compoſition A more 
B:: C more D: D. 


Demonſt, If A contains 5 of B, C will contain 
of D; then as A more B, will contain 4 of B; 
C more PD, will contain 4 of D. 


to | 
e A 


p RAO r. 


be the third ** of D; and if 


A110. | 


_ Lil, tho' they 


_ aliquot parts, 


[4] 
. 
1 AB C D, and Bi Bri DF, then. 


equality of ratlo, A EI IC F. 
Demonſt. If A is the third part of B, Cy 
B fs the fourth pat 
of E, D will be the fourth part of F; therefal 


as A will be third part of 4 of E, ſo C will beth 
4 of 4 of F. 8 | 


a 2 


PS., KAN 


1A IBI RF. and B Dit CiF, chen b 
Interrupted ratlo, A DIC F. 


Demonſt, If A is J of B, E will be J of! 
and 1 D, C will be of E; then as 
will be 4 of 4, or r of D; fo C will be 4 of! 
or r of F. 5 | 


P A O r. the Laſt, 
It ABCD, then by inverted ratlo, 3 


Demonſirat. If A is 4 of B, © will bez 1 
therefore as B will be four times A, ſo D will! 
four times C. + | 


N. B. The preceding Demonſtrations are unive 

eem appropriated to particular caſe 
and may in the ſame manner be applied In“ 
caſts, both for eommenſurable and.incommenſut! 


ble 1 for what is here ſid of third, 0 the 
fourth parts, may be as well obſerved of any other 


300 
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hen H 4 NE 
8 wi 
bret B O O K | VI . 


DRFINITIONS. 


A ReAllinear Figure Is fuld to be Inſtribed in 
Win curvilinear, when all the angles of the 


of oe, tall exactly into the boundaries of the other; 
1 as Wn 4 reQilinear figure elreumſerlbes a curvilinear, 
hen all the lines of the firſt, if it be a ſurface, or 


|| its planes, If a ſolid, touch thoſe of the laſt, 


2. It all the angles of the triungle A B C, are 
qual to the angles of the triangle 
E DF, that is, if the angle A, be equal Ig. r, 


0, e the angle D; the angle B, to E; and 
nil to. F ; the two triangles are call'd ſimilar, As 
or other figures, they are ſaid to be ſimilar, when 


he triangles of which the one is compoſed, are 
ſimilar to the triangles which make up the other, 
Thus the rectillnear figure A, is ſimilar 

alete the rectilinear figure B, if the three Fig. 2. 
: triangles which compoſe the figure A, 

are fimilar to the three triangles of the figure B. 
In the ſame manner the ſegment C, is ſimilar to 
the 47 * D, if the triangle C, is ſimilar to the 
triangle D. 


O 


3, Homo- | 
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11 b 

3. Homologous ſides, are thoſe which in GmilMf B 

triangles are 717 to equal ang De 

Fig, 1. Thus the angle A, being equal to Me to 

angle D, the fide C D, will be homo : 5 
gous to the fide E F. I + 


4. A Ratlo is ſald to be compounded of ty 


others, when its Index or Exponent is the 5 Pre 
duet of thoſe two Exponents multiplied togerhoffMl, des 
Thus a ſextuple ratio is compounded of du 
and triple ratio z tor 2, the exponent of doubt ; 1) 
ratlo, multiplied by 3, the exponent of trip ge 
produces 6, the exponent of ſextuple ratio, jiple 
J. If the exponent of any ratio be multiplix * 
Into itſelf, it will produce a ratio double to thin; 
firſt, Thus quadruple ratio is the double of dor of 
ble ratio; becauſe multiplying a, the exponent « 
double ratio, by itſelf, it produces 4, the exponet 
of quadruple ratio. 80 alſo the ratio whoſe expt 
nent is 4, 18 double to that whoſe exponent is f. If 
| IPeig'! 
6, If the exponent of any ratio be multiplich he f 
by the exponent of its double ratio, the produWvill 
will be its triple ratio, Thus the ratio, wholWaſe 
exponent is 8, will be triple to the ratio who 2 
exponent is 2, In like manner the ratio who hire 
exponent is 2, will be triple to the ratio whoſMines 
exponent is g. N = 
] 
L E M M A, * 
et 
In a ſucceſſion of quantities, as A, B, C, the 1e. In 
tio of the firſt to the laſt will be compoſed of the the! 
intermediate ratio's; that is, the ratio of A to CB L 


will 
2 


. 
111 be compounded of the ratlo of A to B, and 
3 If A ls the third part of B, and B 


ſimi 


angh 

to ho fourth part of O; A will be the 4 of tu that le, 
omo a | 
Y COROLLARY 

he 0 From Whenee It follows, that If ſeveral magnl-⸗ 
eke des, as A, B, C. D, E, have the fame ratle; 
, to fly, Hf At Bir Bi G, and t! 


D, Se., the ratle of A to C, will be double the 
tio of A to By and the ratio of A to D, will be 
riple the ratlo of A to B z becauſe the ratlo of 
\ to C, is compounded of the ratin's of A to h, 


trip 


tpligMnd of B to C ; and the ratio of A to D, Is com- 
to i unded of the ratio's of A to C, and of C to I, 
"oy rof A to B, | | 


bone 
expo 
18 f. 


„ h 


If the triangles A B C, BC P, are of the ſame 
eight, that is to ſay, ſtand between 


iplicMhe ſame parallels, the triangle ABC, Fig. z. 

duden be to the triangle B C D, as the | 

v holWaſe A B, to the baſe B D. 

„host Demonſt. Suppoſe the baſe A B, to be but a 
vholWhird part of the baſe BD; then drawing the 
v hoſiWines C E, C E, to the points E E, which ſhall 


livide the line B D into three equal parts, and it 
ill appear, that the triangle A B C, will be equal 
o the triangle B C E, (by 37. 1.) which is but 
he third part of the triangle B C D. 

In the ſame manner, it is demonſtrable, that if 
he baſe A B, were but the fourth part of the baſe 
> D, the triangle A B C, would be but a fourth 

| 1 part 


le Fa- 
f the 
to C 

will 


[48] 
art of the triangle B CD, Cc. The ſame pro 


extends likewiſe to Parallelograms, | onſe 


| H 
PR o f. II. 0 E 
if the r D E, be drawn parallel to the by 
AG, of the I'm ot ABC, it will uf 
Hg. 4. the ſides A B, roportionally fl If 
0 1 is N ſay, the part Th will he | * 
16 par „ As the part C E, to the part Eat! 
Draw AB, nd D C. f Bi 
Demonſt, The triangles D B A, DHC, H nale 
Ing tho Ame baſb 1 F and being between nglo 
ſims arallels DB, A C. will be equal, (by o thi 
therefore the triangle A D BF, will bo to ' 1 De 
angle N E B, as the trlungle D E C to the fun the 
triangle D E 'B (by 7. 5.) but the triangle A Di by 7 
is to the triangle D B E, as AD to DB, (by aua 
as is likewiſe the triangle CDE to the Vang e eq 
D B E, as CE to EB; therefore AD: D Bill 
CE: EB. | he tr 
ngle 
P x0 P. IV; 
If the triangle A B C, is ſimilar to the triangl 
: DEF, the fide DE will be to the ſid If 
Fig. 5. AB, which is hemologous to it, as tſp, th 
fide P E to its homologous fide C inte 
pon E take the line E G, equal to A B; ani; b 
upon E F take E H, equal to BC; and dra met 
iſe e 
Demonſt. The triangle E GH, will be equi 
in every reſpect to the triangle AB C, (by 4. 1] 
and the ab G will be equal to the angle A, 0 
to the angle D; therefore (by Cor. to 1 5. 1.) ch It; 
mb 


line G H, will be parallel to the line D F, an 
conk 


— - - 

ſequently (by the preceding) DG:. GR. 
H R (dun by com . (by 8, 6) 
DE: G E, or ABI F 1H E, or G, EO] 


r. V. 


If the fides of the triangle A B O, are propor- 
lonal to the ſides of the triangle D R b 5 
nat le to ſuy, If as ABIDBiiBC: Fg 6 
F and ii ACD F, the two tr]- 

nales are 1 Make upon D P, the tel- 
nglo D G F, ſo that the angle D. may bo equal 
> the angle A, and the angle F to the _—_ G-:- 
Demonſt, 8ince the triangle DF G, 1s ſimllar 
the triangle ABC, BFB G ACTA B, 
by N 5.) orz:DFiDE, therefore D G is 
qual to D E; and in the ſame manner F E will 
equal to FG; and the triangles D E E, D FG, 
ill be equal in every reſpect, by 8. 1.) therefore 
he triangle D F E, will be equiangular to the tri- 
ngle A B C, as is the triangle DF G. 


Pao?, VIII. 


> ſim 
91 
1.6 
ang 


B 


fangl wy 5 
he fi If the triangle A B C, has one angle right, as 
as tig, the perpendicular B D, ſhall divide 6 
e C into two triangles, both fimilar to Fig. 7. 
; 3 becauſe they will each have one 

draſſheht angle as the given triangle; and will like- 


iſe each have one angle common with it. 


> qui 

| 4. J. P R O P. IX. 

A, 0 oy 

.) th To divide the line A B, into any | 
„, an{Wonber of equal parts. Draw the line Fig. 8. 
conſe 


G at pleaſure, and with any opening 
* of 


30 3 


of the _ ſet off ſo many equa! parts upot 
the line B C, as you intend to divide the line U ; 
A example, 4 then from the polnt 0 
which determines the laſt, draw the line G A, tif 
which drawing parallels thro! the ſeveral diviſions 
of the line C H, to wit, FH, BL, D M, and thi 
polnts H, I, M, ſhall divide the line A B Into ji 
equal parts. I 

Demonſt, As the ne BD 1 to the line RB Gi, 
BM1BA, (by a. 6.) therefore as H D is the! 
of BG, BM will be the + of B A, Ce. 

To make the work the eaſier, draw A N, ps 
rallelto BC, and ſet off upon A N, the ime 
diviſions as upon BC; then drawing your ling 
from the marks on one, to the correſponding mark 
on the other, ſuch lines will be parallel (by 371. 1, 
and the given line will be divided as required, 


Px 6 . X. 
To divide the line A B, as the line E is alread 


divided. Draw the parallels A D, an emic 

Fig. 9. BC, equal to the line E, and lay downfſQhict 
the diviſions of the line E, upon thWnd E 
line A D, beginning at the point A; do the ſam De 
on the line C B, beginning at the point C; theiWngle, 
drawing thro' the marks H, L, the lines Hide t 
they ſhall divide the line A B, as the lines AB! 
and BC, (by the preceding) or as the given li D: 
E, was divided, | | 
P R O as XI. 17 

| To find a third proportional to t B, a 
Fig. 10, lines A, and B. From the ſame poinge!pto 


E, draw two lines at pleaſure, makin! 
: 4 ani 


Z I 1 

any angle 4 then taking E O, equal to the line A 
f 4 — the lines OH, und KK val: i the line 
+ CARB, draw H L. parallel to O K { ſhall the line 
IK 1; be the third proportional ſought, 
ton Demonfſt, EO1OHU ER. | L, (by 2. 6.) 
Ich chere fore A BIIBIX L. 


a | pA O. XII. 
rd 'The ſame muſt bo done, if a fourth proportlonal 


o the lines A, B, C, be demanded, For 
making E O equal to A, O H equal Hg. 10. 
o B, and E K equal to C, K L will 

be the fourth proportional. | 


P R 0 Po, XIII, 


To find a mean proportional between the line 
A, and the line B. Upon the ſame line 
ay down A B equal to A, and BC Fig, rt, 
qual to Bz then having deſcribed a 1 
emicircle upon A C, draw the perpendicular B D, 
xy" 525 be a mean proportional between A B, 
Demonſtrat. The angle A D C, being a right 


T, ph 
Faw 
ling 

nark! 

1. 1 


d, 


> ſame 
- thaWngle, (by 37. 3.) the erpendicular B D, will di- 
H L ide the lang AD & 


, into two ſimilar triangles 
BD, D BC, (by 8. 6.) therefore A B : B D: | 
ID: BG: 5 : pn 

p 6 b. MV. 
If the equian ular arallelograms 5 
B, are equal, their ſides ſhall be in Fg. 12 


eiprocal ratio to each other; that is 
25 D 2 to 


8 31 

to Cay, as the Ade E F js to the de FO; fo 

the fide H P, to the fide P I, | 1 
Demonſt, Since the parallelograms A, B, att 

equal, they will have the ſame ratio to a third d 

978 5.) but ACI BFF G, (by 1. 6) and 
1 

Fl 


HFI therefore KF TGF 


In the ſame manner If the ſides of the ſuld py 


rallelograms are In reciprocal ratio, we may co 1. 
elude them equal; becauſe A will be to C, as i. 
to . | | | | | line 
PROF, XVI. non 

If the four lines A, B, C D, are proportional, 27 
the parallelogram E, upon the firſt ane mi 

Fig. 13. fourth, the two extreams, will be equi ang! 
| to the parallelogram F, upon the ſecon there 
and third, the two means, (by the preceding) beMon; 
cauſe their ſides will be in reciprocal ratio, that D 


the fide A: ſide B:: C: D. 

It would be the ſame thing if the lines BC 
were equal; thetefore we ſay, that the ſquare 
a mean proportional is equal to the rectangle 0 


the two extreams, If 
: A, v 
CORO . & | Cate. 


If the lines A B, C D, cut each other within Mbaſe 
circle, at the point E; the reQangMwill 


Jig. 14, contain'd under the parts A E, E B, D. 
the one, will be equal to the rectangi the 
of the parts C E, E P, of the other. : ing ? 
_—_— The triangles A E C, DEB, hWwWEL 
ite angles E equal, (by 15. 1.) and th 
| ang 


the oppo 


the point 


 'F 
ingles C B reſting upon equal arches, are 
qual, (by at- 4.) therefore they are flm{lar, 
onſequently (by 4. 6.) A EIER DICE 


therefore the reftangle contaln'd under A E, 


alfb 
and 


E B, 


i be equal to the < ca, of contain'd under 


Ek, CE, (by the preceding 


COROL, Il, 


outain'd under the line A C, and the 


ſquare of the line A D. 


onſequently the ſquare of the mea 
treams A C, A P, (by the preceding.) 
pA O . XIX. 


A, will be to the triangle B, in a dupli- 


ie from the point A without a elrele, you draw 
he line A C cutting the circle, and the 
line A D a tangent to it; the rectangle Fig, 15. 


part A P, without the circle, will be equal to the 


Demonſt, The triangles CAD, A D FE, are 
ſimilar. having the angle A common, and the 
angle C equal to the angle AD PF, (by 32. 3.) 
therefore AC: A D:: A D: A FP, (by 4.6.) and 

„ 
\ D, will be equal tothe rectangle of the two ex- 


If the triangles A and B are ſimilar, the triangle 


cate ratio to the ratio between their ho- Fig. 16. 


mologous ſides, That is to "Y if the 
baſe L M, is double the baſe 


| H, the triangle A, 

vil be quadruple the triangle B. 

— ividing equally the lines I. M, in 

„and L C, in the point E; and d 

ing D E, DC, it will appear, that the triangle 

WE L D, is equal to the — B, (by 4. 1. 
; 


raw 


) be. 


cauſe 


14 


des L , L E, equal to the fides 


Je itfölf but + the trlangle I. C M. therefore the | 


Hg. 17. alſo in a duplicate ratio to their homolo-· 


A will be 4 of 
gram B. 


7: [ 54] 
eauſb the angle L Is equal to the "yy O, and the 

H, And 8 J, | 
But the trlangle LK P, ls {of the triangle L, CMB 
being but 4 of the triangle LCD, (by 1. 6.) which 


triangle B, 1s 4 of the triangle LCM | 
In the ſume manner it may be demonſtrated, that 


A, would accordingly 
ger than B, Ce. 


pA O. XX. | 

The ſimilar polygons A, and B, are 

gous ſides z becauſe they are compoſed 
of ſimilar triangles. . 5 | 
P x07, XXII 


If the parallelograms A, and B, are equlangulat, 
the ratio of the parallelogram A, to the 

Fig. 18. parallelogram B, will be compoſed of 
the ratio of the line C D, to the lineF 


Demonſt, If CD is 3 of D E, the parallelo-Þþ 


_ gram A will be J of the parallelogram H, (by 1. 6.) 


and if GD is 4 DF, the parallelogram H will 
be 4 the parallelogram B, and the — ; 
7 or 8, i. e. 5 of the parallelo- 


PRO, 


if LM is triple G H, or quadruple, the trianglo 
be nine, or ſlxteen times big N 


= E, and of the ratio of the dine G D, to the line 


pu] 
Paor XXX, 


hieb If the line A B be divided in the * O, ſe 

0 the hae the rectangle contaln'd under A B, 5 
nd 3 C, be equal to the fhuareof AC, Tig. 19, 

tha by 77. 8.) then Je weh Lins divided in 

age rream and mean proportlon; becauſe A B 1 

b CAB, (by 16, 6, 


BOOK Xl. 
DEFINITIONS, 


1. A Soy, or a Sci id, is a magnitude wherein v 
conſider length, breadth, and thickne!s, 


2, A line is ſaid to be right upon a plane, wh s. 
it makes right angles with all the ling P 7 
Ig. 1. of the plane, Thus the line A B, vi 
be right to the plane C D E F, it Hund 
angles C B A, DBA, E BA, Cc. are rig pee 
From this Definition it follows, that two lin Ie 
cannot be right to the ſame plane, and fall ups 
the ſame point. 
3. If the T. G, and D, cut each other, ſo g. 
of their points, as A B, will be fou 1 
Fig. 2, in both planes, and a right line dra pla: 
- thro” thoſe points, will alſo paſs thi ogy 
both planes, and is therefore call'd their com P 
Section. | F 
4. The angle made by the plane A, with ti righ 
pPlüwKkẽne B, is the ſame as would be maꝗ cum 
Fig. 3. by the lines of both, which are perpeſi to a 
dicular to their common ſection, 
D GC, CEF. 


5. Solid 
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, Sollde are equal In every reſpe&t, when they 
are bounded with an equal number of equal ſur» 
faces, and diſpoſed In the ſame manner. 


5, Similar Sollde are bounded with an equal 
number of ſimilar ſurfaces, and diſpuſed in the 
ſame manner, | 


7. A ſolid angle is form'd by the 
Wconcourſe or meeting of more than two Fig, 4. 
planes in the ſame point, not making 

one plane, as B, | 


rein « 
nels, 


> Wh 


8. Parallel planes are ſuch as being infinitely 
he ling | 


prolong'd, will not meet. 


71 97 A Priſm is a body bounded with two right 
f ** lin'd parallel planes, equal in every re- 
* | ſpect, and by an infinite number of right Fig. 5. 


lines paſſing from the one to the other, 
as the body A. 2 5 35 


10. Paralleli pepides, are bodies bounded by 
fix planes, of which every oppoſite two 
are parallels, as B. When theſe ſix Fig. 6. 
planes are true ſquares, the parallelipe- 
pidon is a Cube, as C. | 


11 upe 


r, ſo 
> fou 
| dran 
s thr 


C017, 


It. A Pyramid, is a body bounded by one 
right-lin'd plane, and an infinite num- 
ber of right lines, drawn from the cir- Fg. 7. 
cumference of the ſaid right lin'd plane, 


ba! to a point without it, as D. 
on, 


| Solid 


ith ti 
be ma 


Ds 12, A 
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12, A Cylinder, li a body bounded by two cle 
|  eular planes, equal, and parallel, and an 
Fig, B. infinite number of right lines paſſing 
from the one to the other, as R. The 
line connecting the centers of the two circles, ii 
call'd the Axis, as E F, 


13. A Cone is a body bounded by one circular 

. plane, and an infinite number of right 

Fig. . lines, drawn from the circumference, to 

_— without its plane, as H. The 
line joining the center to the ſaid point, at the top, 


or vertex of the Cone, is call'd its Axis, as E H. = 
| | VV ED or 
14. A Globe, or Sphere, is a body whoſe ex-M 1in 
tream parts are all equally diſtant from ere 
Fig. 10, a certain point within it, which point far 
is call'd its center, as P. oth 
FA Ur. VI. 

„„ H- lines A B, C D, are right A 
Fg. 11. 2 the ſame plane, they are pa- lin 

rallel. : > | 
Demonſt. They will be in the ſame plane, to _ 
wit, that which would be deſcribed by the line bei 
C A, if remaining right upon the plane, they M ane 
both meet the line C A : farther, they will be one 
+ 27mg to the line A C, (by Def. 1.) there · MI 41G 
ore they will be parallel, ang 
1 CI 
Al 


PR Op. 


To 1 
p n 0”, VIII. 


If the Ines AB, CD, are un and AB 
right upon a plane, C D ſhall be alfb 

right upon the ſame plane; otherwiſe, Ng. 11. 
one might imagine the line C E right 

upon the png which would then be alſo paral · 
le co the line A B, (by the preceding) which can- 
not be, 5 


PA O. IX. 


If the lines A, and B, are parallel to a third C, 

H. they will be parallel to one another; 

for imagining a plane, upon which the Fig. 12. 
ex. lineC is right, the lines A, and B, which | 

from are parallel to the line C, will be right upon the 

point _ plane, and conſequently — 2 to one an- 
other. | — 


PR O ;. X. 


ih If the line A B, is parallel to the line | 
int CD, and the line B E parallel to the Fig. 13. 
Pa- line DF, the angle A BE will be equal 

. to the angle CDF. 1 
%% Demomſt. The lines A B, CD, and E B, D F, 
being equal, the lines A C, E F, will be equal, 
and parallel to a third B D, and — to 
one another; therefore the lines A E, CF, will be 
alſo equal, (by 33. 1.) and all the ſides of the tri- 
angle A B E, will be equal to thoſe of the triangle 
CDE, and conſequently (by 8. 1.) the angle 
AB E equal to the angle C D F. 7 
0 P. 
Ds . 
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If the parallel planes A, and B, are cut by 
7 third plane C B F E, the common 
Hg. 14. ſectionꝭ CD, E F, will be alfo parallel; 
bicauſe they will be in the ſame plane, 
mn = m_ meet, any more than the two planes 


pA O r. XVII 


If the line A B is right upon the plane OA, 
all the planes which can paſ$ thro' the 


2 be 
Fig. 15, line A B, will be perpendicular to the. 
g ſame plane; 1 the line A g, lr 
which determines the angle every ſuch plane will 
make, with the plane O A F D, ſtands itſelf at 
right angles with the {aid plane, (by Def. a.) 
pA Or. XXIV. : 
th 


If a body is bounded with fix planes, of which 
every q__— two are parallel, as AM a 
Fig. 16. and B, Cand D, E and E, thoſe op. th 
. poſite planes are equal, and ſimilar pa- Me 
tallelograms one to another. | 
 Demonſt, Since the parallel planes A and B 
are cut by the _ D, the common ſections GH, 
and K I, will be parallel, (by 16. 11.) ſo will alſo 
IH, K G, and the figure HI K G will be a pa- ra 
rallelogram. In the ſame manner the figures d- 
ON LM, will be parallelograms; and conſe- þ 
quently the lines anſwering each other are equal, d 
4 O K, NL; OM, HI; and GH, ON; . 


611 
K I. Farther, the angles which anſwer each other 
are equal, as the angle H GK to the A _ 

| becauſe the lines HG, ON, GK, NL, are pa- 

\ byaMrallel : Therefore the planes D, and C, and the 

other correſpondent ones, are equal, and fimilar 

parallelograms, L 


PpR Or. XXVINM, 


i the parallel 6 idon A, be cut by the plane 
BC, paſſing — the diagonals of whe, | 


| Y oppoſite planes, the two parts will be- Fig. 1). 
RY | = two equal ons, Gn they will | 
eh = be bounded with an equal number of equal and 


ſimilar planes, diſpoſed in the ſame manner, 


A* pA or. XXIX. 
Y If the parallelipepides ABEFDHG, and 
ABNMD OL, have the ſame baſe | | 
ABD, and the ſame heighth DH, Fg. 18. 
„„ chey are equal; becauſe they have the 
which priſm ABDHGNM common, and the priſm 
as AFABNMEF is equal to the priſm DG H OL, 
ſe op. therefore (by Ax. 3.) the two parallelipepides are 
lar pa equal, | | "2" 
and B 3 | - 
"GH PRrkor, XXXIII. 


ill allo If the pre A, is fimilar to the pa- 
e a pa- n don E, and the fide B C be 
figures I double the fide FP G, which is homolo- Fig. 19. 
* ous weed, the rn * 
be eight | j 
equal, 4e E. "__ _—_ 


K.. 1 — 


=. 2” 
Demo. Since B C ls double FG, BD vll 
be alſb double F H, and D L double H.Ii If then 
you divide the parallelipepidon A, in its length 
adth, and depth, intu two equal parts, you | 
will make eight . any one of which, 
as M, having all its planes equal, and ſimilar to 
the planes of the parallelipepidon E, will conſe. 
quently be equal to it, in 4 reſped, 

In the ſame manner if the line BC was triple 
the line F G, it might be proved, that the para! 
. lelipepidon A would contain twenty-ſeven time 
the parallelipepidon E; from whence it follows, 
that ſimilar parallelipepides are in triple ratio, to 
their homologous ſides; as are alſo ſimilar priſms, 
which are the halves of ſimilar parallelipepides, 


PRO. XXXVIII. 


If the plane A is right upon the plane B, and 
from the point A be drawn a line AB 
Fig. 20. perpendicular to their common ſection 
C D, it will be right upon the plane B, 
Demonſt. If from every point of the line CD 
were drawh lines all right to the plane B, they 
would conſtitute the plane A, and one of thoſe 
lines muſt be the line AB | 1 


AA 
ll 


BOOK 


D will 
If then 
length, 
„ You 
which, 
ailar to 
conſe. 


U ' ! U 
. 1 1e . ( F * 1 þ 
vie. Ke Se at; 1 „ wy 


BOOK 1K 


triple 
 paral- 
times 
ollows, 


my IF the Polygons R, and O, inſcribed in circles, 
f > way, are ſimilar, the fide A E will be to 

"erm" he fide C FE, as the diameter A B to Bg. 1. 
he diameter CD; becauſe the trian- 5 
gles AB E, C D F, are ſimilar. 

The ſame may be demonſtrated of all the lines, 


which bound a ſimilar arch. 
by P o . IL 


The more ſides belong to a polygon, either in- 
ſerib'd in a circle or circumſcrib'd about 

it, the leſs it differs from a circle; there- Hg. 2. 
ore a polygon having an infinite num- 

ber of ſides, hardly differs at all from a circle: 
from whence it follows, that as polygons are in a 
duplicate ratio of the radii of the circles in whic 
he y are inſcribed, (by the preceding ) ſo eircles 
alſo are in a duplicate ratio to their own radii, 


COROLLARY. .- 


Cylinders may be alſo taken for Priſms z from 


hence it may be concluded, that Cylinders are in 
"0 A 


— — 


2 


ROD b 


B, and 
eAB 
ſection 
lane B. 
e CD 
they 
thoſt 


NS. 
a triple ratio of their homologous ſides, as the di- I 
meters of their baſes, when they are ſimilar. 


; P R O p. III. - 
If the pyramid A, and the pyramid B, have th"? 
ſame baſe DC Sand the ſame heighth; 


Fig. 3. that is to fay, if the line A B, which of t 
| Joins their vertexes, be parallel to D E 
one of the lines of their baſe, the two pyramid 


are equal. . | 
Demonſt, The triangle D CE is compoſed offi 


an infinite number of lines parallel to the line DEM. : 
If from the ends of theſe lines, other lines be drawn infi 
to the point A, they will conſtitute an infinite 
number of triangles, compoſing the pyramid A: the 
In like manner, the pyramid Þ would be com the 
oſed, if the ſaid lines be brought to the point B mic 
But every one of thoſe triangles which compoſe <2" 
the pyramid A, will be equal to thoſe which form diu 
the pyramid B, (by 37. 1.) therefore the whol: to 
pyramid A, will be equal to the whole pyramid B ©* 
die 


Prov, VII. 


The triangular pyramid DE F C. is but the 
| third part of the priſm AB CDE 
Fig. 4 which has the ſame baſe, and the ſam 

|  heighth becauſe the whole priſm con 

tains two more pyramids, vis. A B F ©, und 
APD FEC, which having equal baſes A BF, and 
ADF, and the ſame vertex C, are quay (by tht 
preceding) and one ot them, vis, ABFC, is equi 
to the n DEF C, (by the preceding ) be 
eauſe it has both the ſame baſe, and' the ſame 
heighth as the priſm, — 


651 


It is the ſame thing with pyramids which are 
ot triangular, becauſe they may be divided into 
triangular pyramids, From whence it follows, 
hat fimilar pyramids, are in a triple ratio of their 
homologous fides ; and conſequently cones (which 
may be taken for pyramids of an infinite number 
ighth Mo! ſides) as they allo are a third part of cylinders, 
Whicil of the ſame baſe, and heighth, are likewiſe in a 


> D EM'iple ratio of their homologous fides, 
ramid = 7 
rr. l © 
_ ; A Globe may be conſidered as compoſed of an 
draw infinite number of pyramids, whoſe ver- 
nfiniel texes meet at the center of the Globe, Fig. 5. 


d 4A {Wtheir baſes compoſing its ſurface, and 
com WM their fides forming its radii. So that each pyra- 
int 8M id compoſing the globe A, being to each pyramid 
Wy compoſing the globe B, in a triple ratio of the ra- 
dius A C, to the radius B D; the globe A, will be 
to the globe B, in a triple ratio of the radius A C, 
to the radius B D. TT, | 
1 The ſame may be ſaid of all other ſimilar bo- 
es. 
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RIGONOMETRY. 


BEA RIGONOMETRY is a Science 
. by which we learn the reſolution of 

riangles ; that is, to find the angles, 
UN oo and fides "unknown, by the angles, 
and fides known. 


e 


Conftruttion of the Tables of Sign, 
Tangents, and Scanto. | 


 DRFINITIONS. 


N Arch la a part of the N 
ference of a cites as Fo 2 
ght line A B extendin the 
nd of the arch tu the © 3 1 © eall'd the Cord, 
btendent of the arch. 

every elrete 


pte, T be whole ciren 


Fig. 1 


ee F eve 
fs 4 t6 be divided into 460 81, ego 
pin (p06 4 minutes, aud Fab e, into 
E. 


69 ns Z 
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2. What an arch wants of go degrees, is 
its complement ; and its defect of 
Fig. 2. degrees, is call'd its ſupplement. 
the arch AC, is the complement 
arch AB, if BA C contains 90 degrees; 
A D is its ſupplement, if B D is a ſemicircle 


olong 
7 ent o 


Oote, 7 
cants, 
bear t 
propo 
canne 
be 110 
ctice, 


3. The right ſign of an arch is a right 
fa ling from the one end of the arch 
Fig. 3. pendicularly on the diameter pal 


| thro' the other end. Thus B OU 1000 
right ſign of the arch B A, or of its ſupple #9! + 
B F. Hg, 
fract. 

4 The ſign complement, or co-ſign of an; 

is the right ſign of its complement, Thus! 

which is the Fg ſign of B G, the complet 
of B A, is call'd the ſign complement, or u ever 
of B A; and ſince B E is always equal to ele, t 
therefore D C js call'd the ſign complement a ls A 
arch BA, V. Hg. 3. mp V 
5, The vers'd ſign of an arch, is that part dF 7 


diameter contain'd between the arch, and its 
fign Thus C A is the vers'd ſign of the archl 
and C F ef the arch B F. J Fig 3. 


eDI 
emo! 


| triar 
6. TheRadius of a circle,as G P, is call'd the C, | 
total, becauſe it is the greateſt right ſign, Y./ 3 


7. The Tangent of an arch, le a right angle 
' touching one end of the arch, and ret 
Fig. 4 tending itſelf till it meets the radiu! tha 
duced thro' the other end 1 The ug = 


r 
olong'd is call'd a Secant. Thus A B is the 
zent of the arch A C, and D B the Secant. 


ote, T he Tables of Signs, Tangents, aud Se- 
cauts, being valued by the proportion they 
bear to the radius #4 every circle, and that 
rofortion being often irrational, the Tables 


ht cannot be perfektiy eract; bur that there may 
ch be 120 ſenſible error in their application to pra- 


ctice, the radius of each circle is divided into 
100000 equal parts; and the Tables ſhew . 
how many ſuch parts are contain'd in every 
Sign, Tangent, aud Secant, neglecting the 
fractious. 5 


L IMM AI. 


_y four-ſided figure A B D E, inſcribed in 
cle, the rectangle made by the dla- 
ils A D, E B, is equal to the two Fig. 5, 
ingles made by the oppoſite ſides of 

ſaid figure, to wit, the rectangle made by E A, 
„ and the rectangle made by E D, AB. Draw 
k — ** the angle AB C may be equal to the 
6 | 

emonſirat. The triangle A B C is fmilar to 
langle E D B; for beſides the equal angles 
JC D B E, the angle BED Is equal to the 
eB A N, (oy a1, .) Therefore (by 4.6.) 
BI ACW IE BIE PD, and conſequently the 


it angle of the extreams A B, E D, will be equal 
he rectangle of the means A C, E B, (by 16. C.) 
uche ſame manner the rectangle upon b BD, 
u be equal to the rectangle upon DC,EB be. 
A E, are ſimilar, and 


ſe the triangles B CD, 


con{e« 


"IJ 
conſequently the rectangle upon E B, and the 
line A D, will be equal to the two retangle 
AB, E D, and upon A E, BD. 


L E M M A II. 


If the content of the rectangle AB CD 

one of its ſides A B, be known, 
Fig. 6. other fide A D, may be known, b 
viding the value of the rectangle, h 
fide known, 


he co 
ord ( 
be fo 
the J. 
emol 
going. 
7 
e re 
ma 1 


L E M M A III. „(by 


If as A: B:: C: D, and A, B, C, be kn 
D may be found, by multiplying B by C, an 


viding the product by A, ſince that produl 
equal to the product of A by D, (by 16. 6.) 


n l. 


If it is known how many pen 


Fig. 7. the diameter A C, are contained , anc 
| cord of an arch A B, the content angle 
ſupplement B C, may be alſo found. Jem 
emonſt. The angle B being right, the n C 1 
of the diameter A C, will be equal to the upon 
of the line A B, and the ſquare of the line Wiſes 1D. 
(by 47. 1.) and conſequently if the ſquare of the 
ihe A B, be ſubtracted from the ſquare of arch 
diameter A C, the ſquare of the line h C wil 
maln the tout of Which being extracted, will) 
the line B C. | 
1 he e 
„e 


Pad 


1 
Pao? II. 


he cord BC of an arch being given, 

ord C A of an arch double C B, Fig 8, 
be found, Draw the diameter B D, 

the lines DA, DC. 

Demonſt. D A, D O may. be found b * 
going. Multip ly AB by CD, and C 

, the ſum of je two products will be e al 
e rectangle made up 4 B D and A C, by 
na 1.) therefore dividing by B D, you how 
X da Lemma 2. 1 


PR O p. III. 


he cord A B being known, the cord D B of 
arch triple to A B may be found, 

W A C, and C D, equal to AB; Fg. 9. 
alſo A D, CB, which may de 

wn as before. 


, and the product will be equal to the two 
angles up on DC, AB, and upon C A, D B, 


nCD, A B, the remainder will be the rectan- 
755 CA, A, D B, which being divided by CA, 
eg 

n the ſame manner may be found the cord of 
urch quadruple, quintuple, ſextuple, Ce. 


P A 0 b. IV. 


he eord of an arch of 6e de 9050 | 
55 40 equal to the radius © A, n Fig. 16 


PDemouft. 


Demonſt. Multipl 4 the cord A D, by the cord 


Lemma 1.) then ſubtracting the rectangle 
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Demonſt. The angle C, contains 60 dey 
the two others A, B, contain what remain 
make up two right angles, that is, 120 dey 
(by 16. I.) and becauſe they are equal, each n 
contain 60 degrees, ( by 5. I.) as the angle C. 


D, t 
ſquat 


conſequently the line A B will be equal to the Hlavir 
CA, or CB, (by 6.1.) righ 
| E 
P R O. V. n be 
. = + s de 
Fig. 11. Half the cord A B, is the rigu cha 
of half its arch A CB. EF 
Diemonſt. It the line A B be divided eq ig" 
in the point E, the triangles A E D, B Ef 
be equal in every reſpect, (Dy 8. 1.) and a ſign 
uently AE will be the right fign of A C dne 
Def 3.) which is the halt of A CB, ſine + 
angles ADC, BDC, are equal, ch w 
COROLLARY. 
The cord of 6o degrees being equal to f © 
Alus, contains 1000co parts, therefore the ioffill |; 
ſign of zo degrees, being half the cord of 6 bh 
grees, will contain 50000, E fl 
the 
PA Or. VI. ch \ 
| If the right ſign A B, of an ar © 
Fig. tz, 30 degrees A D, be known, the * 7 
A D may be alfh known, * 
Demonſl, Subtratt the ſquare of the ſign e 


from the ſquare of the radius A C, the rem 
will be the ſquare of the line BC, (hy 4 
which being ſubtracted from the radius CD. 
give the vers d ſign B D; add therefore the ft 


ä 1 
P, to the ſquare of B A, and the ſum will be 
ſquare of the cord A D (by 4). 1.) 


co R O . I. 


right lign of 15 degrees, the cord of which 
be found by the foregoing, and its half will 
Wn be the right ſign of) * 30 minutes. 

s deſcending by continual halving, you wil! 
that the right ſign of 52”. 44“. 3“ 450”. is 
4. You muſt obſerve, at the ſame time, that 
ſign of 1', 45”. 28”, )“ 30%, is double the 


e 
7 of 52. 44%. . 1 ſo that the ſign 18 to 
1 fign as the arch to the arch; therefore with- 
C 


danger of miſtake, = may ſay, as 52", 44”. 
45””, are to 60”, ſo 2554 to the ſign of 60", 
ch will conſequently be 2909, 


laving thus found the right ſign of rt minute, 
muſt double it to get the cord of 2 minutes, 
ch by Prop, 2. Will give the cord of an arch 
ble, or the cord of 4", of which the half will 
he ſigh of 3, and by Prop, 3. it will * 
the cord of a triple arch, or of 6“, the half of 
ich will be the fign of 4', Laſtly, this ſame cord 
„ Will give the cord of an arch quadruple, 
ntupſe, ſextuple, We, or of 8. of 10% of 1“, We, 
half of which will be the fign of 4“. of 5, uf 

\ 

| 


| R | : Paor, 


laving the cord A D, the half thereof will be 


\ 
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P R OP. VII. 
Having found the right ſigns of all the an 


you will have their tangents, and ti 
Fig. 13. ſecants. For Example, you may h 
the tangent C E, if you know the 

D B, and the ſign complement A B. 
Demonſt. The triangles ABD, A Cg, 
rectangled, and have the angle A common; th 


T, 


fore they are ſimilar, and conſequently the! 
complement A B, will be to the right fign 31) 
theradius A QC to the tangent CE, (by 4. 5.) GA 


In the ſame manner for the ſecants, the {ipnf 
plement A B will be to the radius A C, as the 
aus A D to the ſecant A E, (by 4. 6.) 


made 
Is of \ 
N Ji vifie 
Note, Zo % end tar the freftions nag, Jul 


le beginning, may not eanſe any great « ina 
in the progreſs, it will be proper to take 1. 5 50 


ive, more, and l, t the produce 
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LO GAR IT H MS. 


/DGARITHMS are ottificial Numbers, 


made uſe of inſtead of the natur- ones, by 
s of which the operations of Multiplication, 
ivifion, may be performed by a fte Addi. 
of SublleaRſon z and the extraction of Roots, 
fngle Divition, by the index of ity power! 
dividing by zu gives the ſquare rout, and by 
ve cube root, Ce. 1 

1 


DEFINITIONS, 


Withmetical Progteſſton, js 4 ſliccedion of 
ers equally exceeding enen other, 8 1, £4 43 


Ec. Of 1, 4, 53 % % WE: 


Geometrieal Progrefiinn, Is a fuccefion of 
fs, of which the fel is ko the feel, as the 
te the third, and as the third to the thurih, 
WI, 4 Ny Of 4, % % 40, - 


If exiCtly under the prom ofrigcal prope ffign 
eanning with t, you place e arithmerical 


elllon nm ihe numbers 
; 2 : 1995 


[76] 


the arithmetical progreſſion will be the logati 

of the correſponding numbers in the geome 
_ progreflion, For example, the third numb; 
the arithmetical, will be the logarithm of the 
number of the geometrical ; that is, the num 
js the logarithm of the number D, ſo is E. 
and G of H. : : 


every 
is uni 
umbe! 
me p 
W. as tl 


A2 


DF. nn 
 A-+r, 2, 4, 8, 16, 32, 64. 
B Oe O, I, 2, 2 4, 55 6. 


* : b 
| K emo 
ſt be 


ding) 

* 
n the 
will | 
3 fron 
lend i 
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LEMMA l. 


In i progreſſion A, the 
bers immediately following each other, hay 
ſme common ratio between them; but 
which are ſeparated by the interpoſition of 
term or place, as B C, have « ratio, double 
:eneral one; and thoſe which are ſeparated) 
nterpoſſtlon of #wo places, as B, D, have a 


At ] „„ 
"I a0: 


COROL Ill. 

Prom henee It follows, that If two number 
eometrieal progrefflon are at the fame «| 
rum each other, as two ether numbers, the) 


have the ſume fate; and it they have the! 
Milo, they are at the ſume diſtance, 


POM 
tin 
1 diff 
nner E 
ling a 
mon e 


L. 


ml 


Ari 

met LE M M a II. 

mbe | | 

he WM every geometrical progreſſion A, whoſe firſt 
mis unity, if the number B be multiplied by 
E Wumber C, the product ſhall be a number in 


ame progreſſion, as far diſtant from the num- 
as the number B is from unity, to wit, 1), 


| A+ I, 25 + 9 25 | 8. 64, 1 * 
emon. If I B by C produces D, 
Wit bei: B11 Ci D, therefore (by Lemma 
ling) B will be as far diſtant from unity, as 
om VU, f | | 
n the contrary, if D be divided by B, the quo- 
will be C, as far diſtant from DU, as the divi- 


from unity; becauſe in every diviſion, the 
end is to the quotient, as the diviſor iy to 
li If | 


LB MMA Ih 


W evety arlthmetlea! Nr eommeneſug 
of the number marked C, be added to the 

ber P, the ſum will be By the fame diſtance 
D, us © from 6, 

B--0, ty þy ff 55 6 7. 

III o , #4 j J 
{] | | & | fi, H. 
lh 
ill 


— 


emonſt, © will be more of lefh diſtant from 5, 
wing as It contalns more of lefh mes the eom⸗- 
1 difference of the progreffion, In the fame 
nner E will be more of leſh diſtant from D. se- 
ding as It eontalns more or leſs times the ſume 
mon difference above 1 But fliice K le 00 

J 3 | 


190) 


ſum of C and D, it will contain the ſame nun 
of times the common difference more than T) 
C does more than o; therefore E will always 
as far diſtant from D, as C from o. 

In the ſame manner, it may be proved, that 
on the — the number C be hub{tratted it 


the number E, the remainder will be the num 
D, as far diſtant from E, as C from o, fince 
contains as many times the common differ 
above D, as C does above o. 


1. If 1 
ee nu 
je Tal 
en nur 
ir {fun 
the re 
mber er 


n. VIII. 


If in the arithmetical progreſſion B, anſwer 
the geometrical progreſſion A, the number C, 
logarithm of the number D, be added to the nu 
ber E, the logarithm of the number F; the { 
Cz will be the logarithm of the number H, and! 
number H will be the product of the number! 
multiplied by the number F. 

— FF 
A 1, 2, 4, 8, 16, 32, 64. 


Db 3 1 6 6, lf 


Demonſt. Since in the arithmetical progre(MW-/c/119) 
the number C immediately follows o, if to it e, 
added the number E, the ſum G muſt imme the 


ately follow the number E, (by Lem. 99 fo ine log. 
geometrical progreſſion, fince D immediately ot tl 
. lows 1, if it be multiplied by F, the product Woduet « 
ſhall immediately follow F, b Lem. 2.) Th \ ; 
ſore ſince E anſwers to E, ſo ſhall G to H, M werin, 
will conſequently be its logarithm, FE, 
In the ſame manner it may be demonſtrate » Ns 

TH 


that if C, the log, of D, is ſubſtracted from G, ! 


791 
of H, the remainder E, will be the log. of 
number F, and the number F, will be the quo- 


I) 
it of H, divided by D. 


ays 
ll COROLLARY 
| The Uſe of Logarithims. 


1. If you are to find a fourth proportional to 
ee numbers given A, B, C, having found in 
je Table of Logarithms, the logarithms of the 
en numbers, add the log. of B and C, and from 
ir ſum E, ſubſtract the log. of the number! A, 

the remainder D, Nall be the log. of the fourth 
mber required F. | 


A 1097 —— 3,0402066 
B 1098 —— 3,0326188 
% 2,9840770 


— — 2 


E — 60166958 
A 


PP 
535 mw 2,9764892 
I 947 1 | 


)emonfirat, To ſind a fourth proportional, the 
le is, to multiply the ſecond and third, and di- 
«dc the product by the ſirſt; but in ſubſtracting 
e log, of the number A, ſrom the ſum of the 
7, of the numbers B, C, we find the log. of the 
oduct of the numbers B, C, divided by the num- 
r A ; therefore that log. muſt be the logarithm 
twering to the fourth proportional ſought. 


2. To find the ſquare root of any number, as 
e, having from any table found its logarithm, 
1  P'Y which 
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which is 3,991 2 904, the half thereof, vis. 
will be the log. of the root ſou ht, to ws my | 
adding the log. of 99 to itſelf, it gives the prody 
of 99 multiplied into itſelf, that is its ſquare, 
In the ſame manner taking the third part of 
__— of any number, you have the log. of 
cube root; and taking the 4 you have the biqu 


traftiny 
oduce 
een A 
ve its 

the nu 
taken. 
g. of t 


drate root, Cc. eo g 
. 3 'roun 
| P 1 O P. IX. | * pre 
The Conſiruction of Logarithms. core Ws, 
the gs ner — _— 
t. We begin with the geometrical progreſſion Ul no 
in which the terms eren by the dbl ot an Fav 
ten: for the logarithms of which we ſet down tt contity 
atithmetical progreſſion B, in which the terms e eee 
ered each other by 100%. The ſequel v — 
make It clear why we begin in this tnanner, eee, 
A B „ 

1 =6,0606680 A 1,0000580 ==6,6606 2 

10 =1,60v6689 D 3,1644/%% 0, 3600 
10% ,, DB „ ο,ẽjỹỹ i In 
A — == $9940 0 | and o 

| 9800 =, 999909 | 10 — | 
160609 7600000 ä Tr 
2, We ſbek the logarithms of the numbers h. 15 
_ wy 10, beginning with finding the I ** 
Add to each of the three numbers 1, 9, 1% 2520 
ven 2 make the numbers A, B, C, WhA 4. In 
have the ſame ratio as 1, 9, and 10, and conlWſweri: 
quently muſt have the ſame logarithm z thereſo mak! 
multiplying the number A, by the number C, «own, 


extra 


* 


L 811 | 
tracting the ſquare root of the product, will 
oduce the number D, a mean proportional be- 
een A and C, (by 16. 6.) we conſequently to 
ve its log. half the difference between the log. 
the number A, and that of the number C, muſt 
taken, vis. 500000, which being added to the 
g. of the number A, will make o,500000, the 
g. of the number D. In the ſame manner may 
found the log. of all numbers, which will be 
ean proportionals between two others, of which 
Ie log. are already known. | | 
Thus — the number D'by the number 
| and extrating the root of the product, you 
in find E the mean proportional between D and 
| and its log: will be o, 50000, The ſame work 
continued in ſeatching the mean propottionals 
tween two numbers ſtill nearer to B, till at laſt 
e number B becomes itſeſf a mean proportional 
tween two numbers whoſt logarithms are known, 
d conſequently its own logarithm will be known, 
wit, 6,954343, Which Will be alſb the logarithm 
the number 9. 


tt | 


1. In the ſume manner we find the logarithm of 
and of 4, Then half the logarithm of 9, g[ves 
e log, of Its ſquare root 4 4 the doubly of the 
1. f 4, will give the log, of its ſquare 4, ſb» 
«Ring the log, of 4, from the log, of 16, glyes 
e log. of 5, adding the log, of s, te the log, of ;, 
du have the log, of 6 N and adding the log: of 2, 
that of 4, you will find the log. of 8. 


4 In the ſame manner we find the logarithms 
wering to the numbers between 10 and 100, 
y making uſe of the log, of numbers already 
nhown, to diſcover thoſe of their produRte and. 

9 roots 4 
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roots; and for the reſt, we do as for the numben 


9, 7, and 2. 


Note 1. The Tables of Logarithms are uſualh 
carried on to 10000, h 


2. When we ſeek mean proportionals, we oft 
meet with numbers which have no exact roqt 
and yet we neglect the fractions; ſo that thok 

logarithms are not perfectly exact; but as th 
root is extracted to ſo many places, that ſuc 
remainders are very inconſtderable, ſo ther 
can ariſe no ſenſible error in their application 


3. All the log. of numbers between r and 10 
begin with o; thoſe between 10 and 1 
with 13 thoſe between 100 and roco, wit 
a, Cc. This firſt figure of a log. is difti 

uiſh'd with a point annex'd, and is call 
the Index, or CharaQeriſtick, becauſe it ſhey 
how many places the natural number conſil 
of, which is always one more, than there it 
units in the Index, 


F 
The coyſiruction of Logarithms for the Signs, 


1. The ſign total has for its log. 106000000, t 
| bn 100000606000 z but in molt tables the lull 
gures are negleted, 


2. The fign of 89 degrees 59. is found to bt 
9999999. to find its log, we ſeek in the ord» 
_ nary tables the log. of 9999, which Is Win 

0 which we add the log. of 10000, Which 

5 | 6j; OOO O 


000. 
99000 
e ſign 
nd 10 
e log. 
maind 
at IOC 


4 for 


ek the 
e ſign 


I0OO. 


hich | 


tal, wi 
e give 


z. In 
thing 


ima fr 
i 999« 
inner 
ake thi 
99999 
fe tu 
rent 
n eyph 
rl), v 


r 
200000, and we have 9, 9999 566, the log. of 
99000 + . - Then ſubſtracting 99990. from 
e ſign total T0000000 . . the remainder will be 
nd 1000... In the ſame manner ſubſtracting 
e log. 9,9999566 from the log. 10,0000000, the 
mainder will be 434, by which we may obſerve, 


ben 


ua 


oft at 1000 - . - the difference of the numbers, gives 
rot for the difference of the log. After wards we 
tho the difference between the given ſign, and 
s the ſign total; which finding to be 1... we ſay, 


1000... gives 434, then 1. . . will give i#8$:: x 


ſuc 
hich being ſubſtracted from the log. of the ſign 


then 


tionMſtal, will give 99999999 122%: :: for the log, of 
e given ſigu. =. | 

| 10 Cn, 

100 A roo000000 —oocoooo 

wit B 9999999 ocodoco 

(li G 1 ©000000 

all D 999999 

ieh E 9999998 OOOοοοt 

Fill F Th 9999998 

i (3 9999997 ©E©000J 
* v999997 
l goods oec. 


„ In the fame manner may be found all the lo. 
tihms of the ſigns 4 but to do It more eaſtly, we 
ima geometrica 3 of which to600000 
A 9999999 are the two firſt terms; aſter this 
inter we add ſeven eyphers to the ſign total, to 
ake the number A, und the ſame to the gn 
009999, for the number B, the difterence of 


W's two numbers will be C, 1,0000400, or 
„ef e the number A; then ſubftraing fü. 
66088" eyphers from the nuraber B, it gives the num- 
eb, which will alſo be 545.0545 uf the number 


6 | R; 


B; conſequently if you ſubtract it from the nun 
ber B, you will have the number E, which yi 
ha ve the ſame ratio to the number B, as the nu 
ber B to the number A; for as E will be 783227 
of the number B, ſo B will be 1282222 of th 
number A. The ſame muſt be done for the nun 
bers G, I, £9, to 100 terms, aſſigning them Jog 
rithms, which ſhall diminiſh by the ſame dik 
rence, as is between the log. of the firſt numbe 
and the log. of the ſecond, vis. 7848, and you wi 
find among thoſe numbers, 1; ſigns, with thy 
logarithms, | 


eſſion o 


will find ſeveral other ſigns with their logarithm, 


ions, having the ſign total for their firſt term, ar 
the laſt term of the preceding progreſſion for the 
ſecond, of which the laſt figures will be cyphen 


thoſe of the tangents may be eaſily .diſcoverec 
_ tance the fign complement, is to the right fig, 
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urther, you muſt raiſe by the ſame way a pr 
f 50 terms, of which the firſt muſt bet) 

n total rov00000, and the ſecond 9999909, th 
term of the foregoing progreſſion, and yu 


Laſtly, you muſt make ſeveral other prog! 


N. B. You muſt remember to end the prog 
fions when their terms will not incre{ 
enough to reach the ſign which follows. Wil 
this means you may find the log. of moſt ( 
the ſigns. For the others, they muſt be four 
after the manner of that of 9999999. 


p R O P. XI. 


T be Conſtruction of the Logarithms of the Tit 
8 gents, and Secants, _ 


1. Having found the logarithms of all the ſign 


he ſign 
or if th 
pf the r 


—_— 
ſign total to the tangent, (by Trig, Prop. 7 
* if the log, of the ſi - * added to — al 
f the right ſign, and from the ſum the log. of the 
91 WW -n complement be ſubtracted, the remainder will 
de the log, of the tangent, 


” 2. For the ſame reaſon (as above) if from dou- 
dit e the log. of the ſign total, the log. of the ſign 
nbe&omplement be ſubtracted, there will remain t 


og. of the ſecant. | 
Note 1. The logarithms of fractlons, are no- 
thing but the logarithms of both terms. 


2. If in your operations you meet with a log. 
not to be found in the tables, look out for 


my one the neareſt you can find to it, without 
gre regarding the index, or characteriſtick; then 
L adding as many cyphers to the number an- 
the ſwering it, as there are units in the index of 
en the log. given, more than in the index of that 

ſound, and you will have the number of the 
pre log. given to a ſmall fraction, which may be 
real alſo found by this analogy ; if the difference 


between the log. found, and that which fol- 
lows it in the tables gives 1, the difference 
between the log iven and that found: (with- 
out regard to the index) ſhall give the frac- 
tion, which, as the log. given is greater or 
leſs than. that found, muſt be accordingly 
added, or ſubtracted, without regarding the 
index, or characteriſtick: The. Demonſtra- 
tion. of which is eaſy, - | 


PART. 


From 
AB 


v its Of 


N ny oth! 

5 ide A. 

5 i 5 4. In 

PLAIN TRARITIGONOMETR Y! Or, N he polt 

7 tin? * or the | 

Reſolution of right-lin'd Triangles. . at 

. | Wt the a 

8UPPOSITIONS. * 

| „ 

1. A EE Triangles ate refolved by the rule of 4 

4  analofy, or proportion, in which three Ihe tri: 

known numbers are gen; for multiplying the {Whanged 

two laſt, and dividing the produ@ by the firſt, the 1067 kn 
quotlent gives the fourth proportional, 

2, We call the fign, tangent, or ſcant of an 

angle, tho ſign, tangent, or ſecant of the arch 77 
which meaſures that angle. | 

| 3. In every right-lin'd triangle, 8s A B C, the Wl i bs 


half of the ſides are the ſigns of the 

Fig, 1. angles to which they are oppoſite: For 

| ha ring deſcribed a circle thro! the three 

points A B C, it will appear that the half of the 

ide B C, for exumple, is the ſign of half the arch 

BC, (by Prop. 5, Trig.) which meaſures the op- 
polite angle A, (by 20. 3. Euc.) 5 


C ο ROI 


and the 


. =» 
COROLLARY 


From whence it follows, that In every triangle; 
AB C, the fign of the angle A is 

v its oppoſite fide B C, as the ſign of Fig, 2. 
ny V. angle, as B, to its oppoſite 


4. In ry triangle, as A B C, reftangular at 
Ine point B, If one leg, a6 A B, be taken 

Por the radius of a eltele, of lh total, Fig. #: 
Ihe other leg B C, will be the tangent = 

Sf the angle A, and A C Its ſecant. 


z, To refolve « Trlangle, ft much ought to be 


oon of the angles and fides, as may determine 
ebe triangle in ſueh manner, that It cannot be 
| hanged, without changing one of the angles or 


des Known. 
WS 7. XII. 
The Reſolmion of recrangled Triangles, 


7. In the triangle AB C, of which the angle 
BB is right, if the line A C be known,” 
nd the acute angle C, then we may Fig. 3. 
lay, by SuPpo. 3. KY 
As the ſign total, or ſign of the angle B: to the 

line A C : : the ſign of the angle C: to the line A B. 

You muſt therefore multiply the line AC by 
he ſign C, and divide the product by the ſign to- 
al, the quotient will he the line AB. 

Or by Logarithms. Add the log. of the line 
A to the log. of the ſign C, and from the ſum. 

| ſubtract 


86) 
ſubtract the log. of the ſign total z the remaindy 
will be the log. of the line A B. See the wat 


A 
both ways, * 


e ang 
nown 


8ign C 6604 | 8ign C — 
n _ 52 n — 99; 
Line AC — 0 AC 10 — 160 


—— ——— mgent 

product — 4439100. dum _ 11630 

Sign total _ 160000 Sign total — een 
ont, Nem. _” The 

W 11 | 43 | the log, of 43) et, hefe 

t. In 

In the ſame manner for the fide B C, we ſa. © be 

by Sup pott. 3. | he fide 

Sign oral A CA d. 0 0p, 
77 

2. In the rectangle 71 * ABC, of whid 4ů— U 

| the angle B ig right, and tho - e And 

Fig. 4 known 7 the ſide B he 3 * on 

it z to find C A, we ſay, by . 

. as Le TIT 6 aug why 
—5 to find the fide B C, we ſay, . Ir 
Sen C: AB:: ſigns complement C : B C. de ny 

ot bet 
3. In the triangle A B C, of which the angle VWngle « 
is right, and of which the fide C B known 

Fig. 5. with the baſe A C, are known, to find becauſe 

the angle A, we ſay, he tri: 

Thebaſe AC: : ſign of the angle Bt ſie BC: if it be 

ſgn of of the angle A. uſe, tl 
And to find the fide A B, we fay, _ by ay 

T he ſign _ = TOO baſe A 0: fl 7 comple Side 

went A: fide A _o- 

In 


4. In 
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4, In the triangle A B C. of which | 
e angle B is right, if the two ſides are Fig 
nown 4 the angle A may be found 


yin 0 Suppe.. 4. 


der 
'orh 


fl The fide A Hi the figw total i thefige B Ct 
= get of the angle A. . 
1 


P A © P. XIII. 
V Reſolntion of oblique-angled Triangles. 


t. In the triangle A B C, if the fide 
\ C be known, and the angles Cand B, Fig. 7. 
12 may be found, by ſaylng, 
0 1 4 | | 
7 0 of the angle B 1 ſide A C11 be 
% Ct fide A B. 
And becauſe the angle A, is the ſupplement of 
he two others, to find the fide B C, we ſay, 

T be /ign of the ang/e B 1 ſide A © 1 1 fign of the 
ele A fla CB, | 


2. In the triangle A B C, If the ſides A B,BC 


De known, and the angle A, which is 
ot between the known ſides, the tri- Fig. 8. p 


Ingle cannot be reſolved, unleſs it be 
„own whether the angle C be acute, or obtuſe; 


Vecauſe without altering the data, we may change 
he triangle A B C, into the triangle A B * but 
if it be known that the angle C is acute, or D ob- 
uſe, then may the triangle be reſolved by Sup. 3. 


by aying, „Cb 

Side BC: A: the ſine B A: or 1), 
And to and the lde © { we Ay 8 
Sn A: BC: n B: A C. 


2 


3. In. 


In 
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55 FE is 
3. In the iſoſceles triangle A B C, if the leps in Nhe ſur 
known, and the angle B between ts the t 
Fig. 9. equal legs, the two other angles which ifs to th 
aaare equal to each other, may be all Maid ha! 
known, and the whole triangle reſolved, 
| 3 B 
4. But in the ſcalenous triangle A B C, if the 1 
: legs BA, B C, are known, and the ange Nan the 
Fig. 18, B, we may know the ſum of the angſe reateſt 
AC $ and to find the value of each, uh tectang 
the following analogy. _ = Pregoll 
Fe fie of the H A H, B C eie ilfe rent, Mienuth « 
the 14+gent of half the fim of the angles N may 
to the '4ngent of an angle, aue being Ate Inf, ANA 
te the (41. f bal, ROE give the grenrep ankle, he 
From the 2 deſtribe a circ 6, What radius N. 
let be the leiler leg BC, which will cut the greater vit 
leg in the point Dy produce D B till it meets with WM is eaſ 
the circumference of the circle, at the point E; 6 WI Dew 
ſhall A E be che ſum of the ſides A B, B C, and des A 
D A their difference; the angle DC E will be Wo the 1 
right, as will alſo the angle C D P, if D Þ b: {therefor 
drawn parallel to CE, | as: 
Demonſt, The angle B being common to the 
two triangles BDC, BA C, the ſum of the angle 
on the baſe D C, will be equal to the ſum of the 
8 on the bale A C; and as the angles on the If in 
baſe D Care equal, (by 5. 1. Euc.) each of them AD. 
will be the half of the ſum of the angles A C; re ſuffi 
From whence it may be concluded, 1. That the Nꝑles, all 
line C E muſt be the tangent of half the ſum ot without 
the angles AC, 2. That the angle A C D, of ay gi 
which D F will be the tangent, being added to the the ang 
half of the ſum of the angles A C, will be equal t0 the wh 


the angle C, and conſequently, ſince (by 4. 6. 1 


„ 5 
F Is to D A, as C E to D F, it is certain, that 
he ſum ol the ſides B A, B C, is to their difference 
1s the tangent vt half the ſum of the angles A, C, 


Art 
the 


ich sto the tangent of an angle which added to the 
id half, will make the greater angle C. 


5, If all the fides of the wane ARC ate 

known ; from the greateſt angle B, let 

ll the petpetidicular B D, upon the Hg. tr, 

teateſt fide A G, and it will form two 

fektangle trlangles, Which may be reſblved by the 

Ppregoin 3 kor ſeeing we know the 

ength of D G, and of D A, as alſo their ſum A G, 
we may find thelr difference F A, by the follow- 

Ing analogy «© „ 

Y be fron fide A C 1 the ſum of the other t 
NN, RCA rhe difference of the ſites BA, B C, 
V/S, (3 A ; A F. 

It is eaſy to ſee how the figure ls made. 
Dewee The line A BE, is the ſim of the 

ſides AB, BC, and the retangle E A G is equal 

o the rectangle C A F, (by Cor: of 16. 6. Eucd.) 

herefore C A x the ſum of the ſides AB,BC:: 

g G : A F, (by 14. 6. Euci) 


R E M AA x. 


If in the figure A B C D, the angles B A C, 
BAD, BD A, BDC, be known, which 

ire ſufficient to determine the other an- Fig. 12. 
ples, all the other angles may be known, | 
vithout knowing the fide AB; to which you 
may give what value you pleaſe, without changing 
he angles ſought. Thus knowing any one fide, 
he whole figure may be reſolved, 


PART 


„re 


A N Iv 


© 'be Rinn of Sunne TATANe k. 
LIZ MA | 


2 F « Globe or er s eut by a plant 

Fg. tr, * paſling thre! Its center A, the com 

mon ſeQtion will be @ circle, whoſe tu. 

dius A B, will be the radius of the Glube, and it 

circumference will encompaſt the ſurface of the 
Globe z ſuch circle is call'd a Gren Cirole, 


Lnmma II. 


If a Sphere is cut by the plane E E G H, no 
: _ paſſing thru? the center A, rhe common 
Fig. 2, ſeQtion will be a circle, the radii of 
which will be leſs than thoſe of the 
Sphere, Draw A B perpendicular to the plan, 
and B M, BN, B L, to the ſurface of the Globe, 
and A M, AN, AL, and you will have three tri 
angles equal in every reſpect, of which the ſida 
B M, B N, BL, will be equal to one another, and 
leſs than AL, AM, A N. radii of the Sphere; 
ſuch circle is call'd a Leſr Circle. 


DE Fl 


the ſlut 


| cut eac 


comm. 
ter of 
both, 
both, 


L 


Fe. Cit 
ſphere 
to paſ 
will c 
arches 
equal 
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DEPINITIONS, 


A Spherical Angle is form'd by 
10 . of a great Beets as A 20 Fig. » 


A Spherical Trlangle le 4 part of 
the Riefich of of a 8 phere, b bound ded oh v. Ag. 4, 
(three arches of arent elreles, as A 


1 The Pole of a Cirels is a polnt = the = 
of a fphere, equidiſtant from 1 
of the ps — of the fald e 145 
Thus the points A and B, are the pon 
af tho elreles 0 D and BF, 


$UPPOSLTIONS, 


1. All ſpherlcal trlan * are ſuppoſed to be 
made upon the ſurface of a ſphere, or which the 
radius contains ooo. _ parts, 


2, If in a ſphere two great circles ABC, ADC, 

| cut each other in the points A, C, their no 
common ſection will paſs thro! the cen- Fzg. 5. 

ter of the ſphere, which is common to 

both, and will — 4 ntly be the diameter of 
both, and will divide both equally. g 


3. The line A B, which joins the two poles of 
the circle C D, is the diameter of the 
youy For imagining a great circle Fig. 6, 
* thro' the points A and B, which 
cut the cirche CID in the points C D, the 
— A C, and AD, B C, and BD, will be 
wy z fince therefore the whole arch A [+ B, N 


[ 94 ] 5 

be equal to the whole arch ADB, the line A! 
will be the diameter of the great circle CBI 4, 
and conſequently of the ſphere, 


but A E will alſo be a quadrant as well as E C. 
e There 


Note, If CID is a great circle, © B and CAN. 1 f 
Will be quadrants as will all other arches dic pas 
a great eltele drawn thro! the poles ,), . 
upon the elrele G 1 D. Tl 
| | Df 0 
4. Exery ſpherical angle, as A B C, Is meaſured Mich B 
5 2 by the arch A G ot a eirele, of which 3 ther a1 
Fig, . Is the pole This definition mo” Drau 
that the arches of all elreles whoſe pole win fall 
is B, will be ſimilar ta the arch A C, if they ae Wwhich 1 
between the arches B A, BC. From whence t Wetherwi 
follows, that the angles diametrically oppoſite BD MNraw ! 
are equal, being meaſured by the ſame arch AC, Dem 
ſince by the foregoing Suppotition, the point 1) er of tl 
will be alſo the pole of the arch A C. en i 
| Which | 
5. The arch BC falling upon the arch A E Bheing g 
makes two angles A CB, E CB, qud be great 
Fig. 7. to two right, fince they are meaſured Mlincteaſe 
by the ſemicircle A B E, (by /.: ) ¶ become 
In the ſame manner the oppoſite angles B C greater 
A CD, will be —_— being each the ſupplement 
of the angle A C B, | 9, T 
FE BD wi 
6. If thecircle ABC, paſſes thro' the pole J, Nvill be 
of the circle B E D, they will cut each betweer 
Fig. 8. other at right angles. For deſcribing a MW and F 
| great circle, of which let B be the pole, 
it will paſs thro' the points A C; fo that BA, 10. J 
B C, will be quadrants of a circle, (by Sb. ».) Wide, as 
For the. 


2 FF. 
Therefore the angles A B E, CB E, will be mea. 
ſured by quadrants. . | l 


„If the elrele BA Y, makes right 


AWW ics with the elrele B K PD, they will Hg. 8, 
, 0 paſs thro! each others pole. 
) | | 
g, t the point B, be not the pole of the elrele 
PFE, but ſome othet polnt, as A, the 
ich Þ A E will be greater than any Fig. 9, 
cer arch, as B F, 


Draw B G right upen the plane D R F, and It 
will fall upon D E, (by 38. rr) at the point GC, 
which will not be the center of the elrele DFE 
therwiſe the lines B D, B E, would be equal, 
Draw BF, CP, | 

Demonſt, The line C E paſſing thro' the cen- 
ter of the circle, will be greater than CF, (buy 3. 
Then in the reckängled triangles ECB, F CB, 
which have the fide C B common, the fide C E, 
being greater than the fide C E, the baſe B E will 
be creater than the baſe B F; and becauſe arches 
increaſe in ah n= + with their cords, till they 
become a ſemicircle, the arch B A E will be 
greater than B F, e 


9. The Figure remaining as it was, the arch 
B 1) will be leſs than any other, as B F, and B F 
will be greater than any other which can be made 
Nef D and F, and less than any other between 

and E. | 


ro. In ever triangle, 2s A BC each 8 
fide, as A B, 5 leſs than a ſemicircle. Pg. IT, 
For their arches A B, A C, being prolonged — 

Re they 


1 
they meet In the point D, the arch A D will 


but a ſemlelrele, (by S. 4.) 0, 


| Ip, 2.0 


11, In ny trlangle, as A BC, two fide A .. lt 
4, axe greater than the third 5 Me 
Fig, 11. From the point B, with the diſh j; 

B A, deſcribe the circle D A E, and con ) it; thi 
pleat the elrele BCG F. eh, | 


Demon, Since the point B Is one pole of erding 
 elrcle AD B,F, the point C, which 1s Ne de 
from It lefd than the ſpace of a ſomlelrele, (by Mees hi 
8 cannot be its other pole, (by N 1 

m 


hoſe wh 


but ſome other point, as G, if B G is @ ſemlcick Wa c.o1cs 
then the arch C A is greater-than C D, (by %. | 
But BA and BD are equal, (by Del 3.) there z. 1 
A, and BA, are greater than C B. = ngle A 
12. The three fides of a ſpherical triangk boy 
ABC, are leſs than two ſemicircla Demo 
Fig. 12. For continuing A C. A B, till they mal 11, P 
5 in the point D); their arches AC e arch 
AB P, are but equal to two ſemicircles : but Cie great 
B D, are greater than C B, (by the preceding i C wi 
therefore A C, A B, C B, are not equal to twill 
ſemiclircles. 16, Ir 
13, If the triangle A B C, has two legs BA | en 


BC, equal to the two legs of anothet 
Fig, 13. triangle EF, F oy and if the angle Mbtuſe. | 
7 be equal to the angle F; the two o, or let 

*. are equal in ** reſpect, ; 
Demonſt, If one triangle be laid on the other pon the 

A B will cover F E, and B C will cover F Gil, 7.0 
therefore the baſe A C will cover the baſe EC 


otherwiſe they would cut each other In the po). 3.) 
| x bs on BG, by Sp, 


9 1 


O, and each baſe would be a ſemlelrele, (by 
2 $ which cannot be (by Sup, 10.) 4 (by 


14. It is demonſtrable alſb in ſpherical trlan- 
les, as In reQilinear, that If the legs 
1 15.4 C, are equal to the legs R D, Fig. 14. 
wal) F the angle included will be greater. 

l lh, in the one triangle than In the other, ae. 
Wralng a thelr baſes aro greater or leſs, In the 
Ant ſame manner it ls demonſtrable, that Iſoſceles tri. 
ales have equal angles on thelr baſes, and that 
hoſe which have equal angles on their baſes, are | 
ſoſceles triangles, | 


[| 


J 


15. If in the triangle A B C, the 

ngle A is greater than the angle C; Ig. rg, 

7 will be greater than the 
ide AB. 
Demon ſt. Make the angle D AC, equal to the 
igle DC A, and the arch A D will be equal to 
he arch D C, (by the preceding) but D B, DA, [ 
re greater than A B, (by Sup. 13.) therefore B D, i 
) C, will be greater than A B. . 


16, In the triangle A B C, whoſe angle A is 
icht, the angles C and B have the ſame 

ion as the ſides oppoſite to them; Fig. 16. 
hat is to ſay, they are right, acute, or 
btuſe, according as the oppoſite arches are equa 
0, or leſs, or greater than a quadrant, 

Demonſt, Since the arch A B is perpendicular 
pon the arch A C, it will paſs thro! its pole, (by 
up. 7.) therefore if the arch A B is a quadrant, 
ie point B will be the pole of the arch A C, (by 
hb. .) and conſequently the angle C will be right 
by Sp, g.) but the arch A B cannot be aug; 

TSF - mented, 


180 

ng of diminiſhe bout augmenting off 
minſfhing the angle NO hero ny ah 
C will be tight, ot ba. vt Tf than a Hl 
according as the atch AB is a quadrant, of great 
or leſk than & quadrant, 


x4, If the two flees A p 6, A D G, 
| each other at right angles; the poli 
| Fg. 11, Ho ole of the ſemſeſtele A D G, v 
* divide A 5 G into two | quadeann ( 

XÞ yl % In the ſame manner the point I), l 
5 of the ſemleltele A R G will 'dlvide A Df 
Fain two quadrants, Parther, the arch D R yl 
| be a * adrant, (by 13 85 and finee 50 [8 not j 
pole of the arch A the arch R D will 

reuter than the arch R 5. and leſs than the at 


|  COROLLARIES, 
| 


1. In every ry ERR trlangle A D E, the b 
E will be a quadrant, if at leaſt t 
| Fig. 17. — A D is the "Fourth part of a eitel 
d Bur if the two le = are greater than 
S quadrant, as in the triangle CE E, or if they u 
1 both leſs than a quadrant, as in the triangle AFB 
W the baſe E F will be leſs than a quadrant, Laſth 
W | if one of the legs is leſs than a quadrant, and thi 
| 47 other greater, as in the triangle C E G, the bak 
E G w ill be greater than a ar 


3. T. 
poltte 
adran 
enkly 


F the 
of It: 
angle 
wil 

h Al 
of t 
onti1 
il the 
Ich i 
adrant 
| pole 
CL y 
the an 
le A 
mon 
h LE 
al, or 
arthe 
to the 


— In ee EE InS: 
rn 1 


2. The three ſides of a pectanpled eiatgle ca 
not each of them be greater than a quadrant ; nd 
can one fide be greater than a qua adrant, and tif 
other two leſs, 


— — —— — — 
_ — 
—— — — —— 


e e pla! 
pendii 
Tit 


Lal 
I. 
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a rue bat of a reftangle triangle, or the arch 
6 pole to the right angle eahnet be leſs than a 
"eat 


N without a 


ing the legs, and conſt 
ently the angles, 2 | 


PA Oe. I 
f the ſpherleal trlangle A B C. having every 


W 
(Wl of its fides lefs than a quadrant, has 
j ane h N the fine of the ngie Fig. 18, 
Dl wil be to the ſine of the oppollte 
A, as the ſine of another angle A, to the 
ot (ie of the oppoſite arch O. 


ontinue B C, till B H becomes a quadrant, ſo 
ll the point F be the pole of the arch A h, 
ich muſt alſo be continued till A E becomes a 
adrant : then deſcribing the arch F E, of which 
pole muſt be A, and conſequently the arch 
CL will be a quadrant, and L E the meaſure 
he angle A, IT you draw L H right upon the 
le A K E, It will fall perpendicularly upon the 
mon ſection G E, and will be the fine of the 
h LE, or of the angle A: L G will be the fine. 

al, or ſine of the angle B, 
arther, draw thro' the point C, a plane paral- 
to the circle EL FE, and like it perpendicular 
on the plane A B E. This plane will cut the 
ne B CE, perpendicular upon A B E, and their 
nmon ſection C D will be right upon the ſame 
ne, and conſequentl alta to the line H L, 
the fine of the — 8 C. In the ſame man- 
D, and G H, CI, and GL, are parallel, (by 
[1,) being the common ſections of the two pa- 
el planes with a third; and as I. G is found 
pendicular upon G A, I C will be alſo per- 
2. TI pendicular 


[ 160 J Dein 
1 upon G A, and the fine of the a 


Demonſirat, The three ſides of the triang| 
LH G, being parallel to the three ſides of the ti 
angle CID, the two triangles are equianpuly 
(by ro. wy therefore (by 4. 6.) L G. the {ined 
the angle B, will be to CI, the fine of the oppt 
ſite arch A C, as L H, the fine of the angle A; 


CD, the fine of the oppoſite arch B C. 1 
LEM M A. * b 

| Jraͤnts. 

If the plane A, is perpendicular to the ＋ Let 
and C D perpendicular upon the c entinu 


Ng. 19, mon ſection E H, it will be right up 
N the plane z ſinee the plane A Is a 50 
of right lines, upon the plane B. 


PROP; II. 


In the ſame triangle A B C, the tangent of 
aaangle A, will be to the tangent of! 
Fig. 19. oppoſite leg C B, as the fine total! 
the ſine of the other leg AB. 
Continue the arches A B, AC, B C, as abor 
then draw E I, the tangent of the arch L E, or: 
the angle A; and B D, the tangent of the ar 


e u 15 
teh 

; 2 0 
ikewiſ 
nd its 
ued te 
he ſam 
de a qu 
rant; 
rants, 


B C; and by the foregoing Lemma they ſhall AY 
right __ the plane ABF. Sn 

Farther, thro the line B D, draw a plane par 8 
lel to the plane EL F, and like it perpendicil = 
upon the plane A B E; the common ſettio Os + 
DM, B M,. will be parallel to the common ſeſ hood 


ons 1G, EG; and as E G is perpendicular up! 
G, B M will be alſo perpendicular upon F 6 


and will conſequently be the fine of the _ BA 
N entul 


a |. 


Demonſt. Since all. the ſides of the triangle 
D M, are paralle] to the ſides of the triangle 
EG; the two triangles are equiangular, (by 
„ 11.) therefore E I, tangent of the angle A, will 
eto BD, 15 of the arch B C, as E G, the 
ne total, to B M, the fine of the leg BA. 


COROLLARY |, 


Ry theſe two * are all Caſts of right- 
1gled triangles reſolved, In the manner follow- 
ig provided all their arches are leſs than qua- 
WANtS, | 

Let ABC be a triangle, whoſe angle C is right; 
ontinue CA to G, ſo that & C may 
e a quadrant, and G the pole of the Dig. 20. 
rh C, (by Sup, . continue alſo 
3 C; ſo that BI may be a quadrant, which will 
ikewiſe make the arch G I a quadrant, (by Sup, 3.) 
nd its pole B, and ee B A being conti- 
ued to the point H, will alſo be a quadrant, In 
he fame manner continue C B, ſo that C D may 
de a quadrant, and A C, till A F becomes a qua- 
rant; for then DF and A E will be alſo qua- 


rants, 


> Atch 


Jang 
he 0 


Full 
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Oppo 
A 
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If the angle A, and the oppoſite leg B C, be. 
known z the baſe A B may be found, by ſaying, 
y the firſt Propofition, | 
Sine of the angle A: ſine of the leg B. C:: ſine 
rotal : ſine of the baſe A B. 
, Or Fu: leg A C may be found, by ſaying, by the 
«cond, 


F 3 Tangent 
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Tangent of the aue A tangent of the an 
BU} 050 total i fine of * x G, | 
The angle B may be alfb found, beeauſt the wi; 
angle B K I) will have its baſe B D, the eonyly 
mene of B C, which ts known 4 and its log 13}, 
the evmplement of B F. which may be know, 
bocau e It is the meafure of the known angle A 
We ſay therefore, by the firſt, : 
Hut complement of” B C 1 (fue total 1 1 ffn 


/ fement of the angle A Wl of 32 
04s u. 


IF the angle A be known, and the adjacent gen 
A C, the other leg B C may be known, by the 
lecond Propoſition, thus, 2 . 

Sine total 1 (ine of the leg A C 1 1 tangent of l. 

angle A 1 tangent of the arch BU, _ 
Alſo the baſe A B may be found, by the ſecond 
mu, -- 5 
Hus total 1 fine E D, complement of the ang 
A 1 tangent of the angle D, complement of 
the arch A C 1 tangent of the arch E B, con. 
Plement nf the baſe B A. 
Or the angle B may be found, by the firſt, thus, 
Sine total H: fine of the baſe A G, complement 
of AC:: ſine of the angle A : fine of tht 
arch G H, complement of the angle B. 


CAS E Ill 


If the angle A, and the baſe A B be known, the 
leg BC my be found, by the firſt, thus, 
* * : baſe A Bit ſineA: ſign of the iy 


o 


Ot 


Tae) 
Or the other leg A © may be found, by the (b- 
cond, thus 
Sine D B, kinn pt ment of the angle A 1 /fne 70. 
tal 1 1 FAngent B R, complement of BA 1 tans 
aout of anger D, eomplement of AB 
And the angle B may be known by the ſbeond, 
thus, 


f 


Hus rotal 1 fine A N. eomplement ef BA 
nen of the angle A 1 tangent II G, comple» 
A wont of the angie g. e 


tt the legs AC and H C ate known, the baſe 
WI FY: may be found, by the firſt, thus, 
* Sine total H : fine & A, —_— L Fo G1 
1 ſine G, complement of B C 1 fine H A, comms 
lement of A B. | 3 
0 e angle A may alſo be found by the ſecond, 
thus, 
Sine of the arch A Cr ſine total ii tangent of the 
arch B C 1 tangent of the angle . 
In the ſame manner may be found the angle B. 
Sine of the arch BC : ſine total mi tangent of 
AC: tangent of the angle B. OE 


CASE x. 


If the ug AC, and the baſe A B, are known, . 
" other leg B C, may be found by the firſt, 
thus, | 1 
Sine of the arch G A, complement of A C : fine 
total H. fine A H, complement of BA : ſine G. 
complement of B C. 


F 4 Dy The 


The angle A bunt * If 
thus, W Wenn, kde 
tangent of the angle D, complement of A C the an 
Hen tf B E, complement of BAi: the af 

, we! t fie N R, complement of angle A 4 Angle 
Glue try ty ay be found by the fl, thu ff Weh 
Aus angle B, i fine tnt Cnr flue AGE M. 

5 | cauſb 
8 CASE VI, | nh, 

It all the angles are | — 
1 * — by — hn pn 28 O45 ug wie 
| He of the angle A t rangent of the arch triane 
, complement of the angle B. Ine t ws A,an 
= - A, complement of the baſe A B 8 we al 
x - the leg A C may be found by the firſt, thus, Ml the re 

1 
| | | of A C : Ne total 15 mn? A G, complement 

| n the ſame manner may be found the leg BC, fi , 
| ED ne 0 
| COROLLARY I. oppo 
ix Such rectangle triangles as have two fide A of 
| a greater than quadrants, are reſolved as may | 
| ig. 21. follows. Let the triangle A B C be De 
= .. propoſed, whoſe two ſides A B, BC, are gled | 
| | _ than quadrants ; produce the ſaid two Fd f A 
'| = they meet at the point D, which will give an- the r 
4 3 ® triangle CA D, whoſe angle D will be equal CD, 
q 3 t : os B, and the fide A C common to both; and 
f e 1 er angles, and the other ſides, will be the wann 
Tupp — to the other angles and ſides of the fine t 
- the 10 wh | _ ; ſo that it will be eaſy to reſolve when 
gle A B C by the triangle A C DPD. unde! 


if 


=p , 
If the tekkangled triangle K F d, has two of lis 
_ BY, 5 \ N. - 1 1 
an U 9 F ana i ' 
he — 58 will be the meafüre of the * 


angle R. (by S/. 1, the one er the other ef 


which muft be known, to reſblve the triangle, 


Wie, Some refblutions will be equivocal, be- 
cauſe the fine equally reſpe8ts both the 
arch, and its ſupplement z and in ſuch Fig, 23. 
caſes, the triangle cannot be reſblved, 
unleſh we know the affection of the angle, or of 
the arch found, by means of the fine, Thus the 


| triangle A B C, cannot be reſolved, tho' the angle 


A, and the arches A C and B Care known, unleſs 
we alſo know the affection of the arch A B, all 


the reſt agreeing as well with the triangle DCA, 
PROP, Ul. 


In gvery oblique-angled triangle, as A B C, the 
ſine of the angle A, is to the ſine of the 
oppoſite arch B C, as the fine of the Fig. 24. 
angle B, to the fine of the oppoſite arch 
AC: Draw the perpendicular arch CD, which 
may fall either within, or without the triangle. 

Demonſt. Since the triangle A D C is rectan- 
gled (by Prop. 1.) the fine total D: to the fine 
of AC: : fine A : fine of C D, and conſequently, 
the rectangle under the fine total, and the. ſign 
CD, is equal to the rectangle under the fine A, 
and the fine of A C, (by 15. 6.) In the ſame 
manner, the triangle D B C, being rectangled, the 
fine total D: fine CB: : fine B: fine CD, from 
whence it will again follow, that the rectangle 
under the ſine total, and the fine C D, will be 


2 5 „ equal 


r or ez... oe 
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equal to the reangle under the ſine CB, and the 
fine B, as it was equal to the rectangle under the 
line AC, and the fine A; fince then the reQang|, 
under the fine A. ©, and the fine A, is equal to 
the rectangle under the fine C B, and the fine h 
1 y 13. 6.) the fine Ar ſine C B fin 
une N | | 


LX M M A. 


If in the triangle A B C, the arch which fully 
from the angle A, perpendicularly upon 
Fig. 25. the baſe BC, be found within the tri. 
angle, as AD; then the angles N and ( 
will have the ſame affection as the arch A D, (by 
Sup. 16.) But if the r arch falls with. 
out the triangle, as A E, then the Wo B, and 
the ſupplement of the angle C, vis, ACE, wil 
have the ſame affection as the ſaid arch A E, and 
ſo the angles B C prove diverſly affeRed, 


COROLLARY 


Hy this Propoſition therefore oblique-angled 
triangles may be reſolved, by thus letting fall 
perpendiculars, and thereby rendering them rect- 
angled triangles. But their reſoJution will be 
rendred more eaſy by the Propoſition following. 


a IF; 


Let the r triangle A B C be pro- 
poſeq, of which the legs AB, ACure 
Fig. 16. lefs than quadrants! Draw the perpen- 

dicular arch AD, which will fall either 
within, or without the triangle, and produce 
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till A becomes a quadrant z then from the 
vint A, as a pole, deſcribe the quadrant G , 
Ib that 11 may be the pole of the arch A Gy the 
to WM arches DB, D C, being prolonged, will paſs thro? 
B, WI the point H % op IBS at DB H, DCH 
ine will be quadrants, as will alſb A RE, and A F, an 
conſequently C E, B F, will be complements of the 
arches AC, AB, ns BH, C H, will be comple- 
ments of the arches DBand DC; and the arches 
FH, EH, will be complements of the arehes G F 
ills WW and GE, or of the angles G AF, GAE. From 
the figure thus prepared, may be drawn the fol- 
tl. WM lowing Concluſions ; but obſerve, that the ſame 
CI figure muſt be made for the triangle BIC, of 
b _ the legs I B and 1 C are greater than qua- 
1 rants, | * 


nl CONCLUSIONS. 


1. The tangents complements of the legs, and 
the fines complements of the angles, which the 
perpendicular arch makes within the legs, are pro- 
fortional, . 

d In the rectangle triangle BF H, the tangent of 
the angle E, is to the fine total, as the tangent of 
* the arch BF, to the fine of the arch F H, (by 
e Prop. 2.) In the ſame manner, in the triangle 
CEMH, as the tangent of the angle H, is to the 
ſine total; ſu the tangent of the arch CF, is to 
the fine of the arch EH. Therefore, as the tan- 
gent of the arch C E, the complement of A C, is 
- WH to the fine of the arch E H, the complement of 
the angle EA . ſo the tangent of the arch B F, 
the complement of A B, will be to the fine of the 
atch FH, the complement of the angle FAG, 
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2. The fines complements of the legt, and thy 

nes eomplenents of the arches berween the leg., 
and the perpendientar grob, ave proportional, 

In the triangle H B P, (by Prop, by as the ſine 
of the angle H, is to the fine total; fo the fine of 
the arch B F, is to the fine of the arch BH, In 
the ſame manner, in the 2 CE H, as the 
ſine of the angle H, is to the ſine total z fo the 
ſine of the arch CE, is to the ſine of the arch 
CH. Therefore, as the ſine of the arch B FE, the 
complement of rhe leg A B, is to the ſine of the 
arch BH, the complement of B D; ſo the ſine of 
the arch CE, the complement of the leg A C, will 


be to the fine of the arch C H, the complement 


3. The tangents of the angles of the baſe, ate 
reciprocatty proportional to the ſines of the arches, 
between the perpenaicutar arch, aud the legs. 

In the triangle B A D, (by Prop, 2.) the fine 
total: fine B D:: tangent B: tangent AD. 
Therefore the rectangle under the fine total, and 
the tangent A D, is equal to the rectangle under 
the fine BD, and the tangent B, (by 15.6.) In 

the ſame manner, in the triangle ABC, the tan- 
gent A D: the tangent C:; ſine DC: fine total, 
and conſequently, the rectangle under the ſine to- 
tal, and the tangent A D, will be al fo equal to 
the rectangle under the ſine D C, and the tangent 
C. Therefore the rectangle under the fine DC, 
and the tangent C, is equal to the rectangle under 
the ſine BD, and the tangent B; and therefore 
(by 14. 6.) the tangent of the angſe C : to the tan- 


gent of the angle B:: the fine of the arch BD: 
4. The 


the fine of the arch D C. 
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„ The fines of the angler made by the perpen- 
ella 100 * Proportional to tho {le — 
ment 47 angles of the baſe, 5 5 

In the triangle B A D, (Caſo . Cor. 1. of Prop, 
1. 02, the fine of the angle BAD, is to the 
ſine complement of the angle B, as the fine total 


is to the fine complement of the arch AD, In | 


the ſame manner, in the triangle C A D, the fine 
of the angle CA D, is to the fine complement of 
the angle C, as the fine total to the fine of the 
arch AD; therefore the ſine complement of the 
angle B, is to the fine of the angle BA D, as the 
fine complement of the angle C, to the ſine of 
the angle D A C, = 


COROLL ARIES. 


1. If in the triangle A B C, the angles A and B, 
with the fide A B, be known, the tri- | 
angle may be reſolved, becauſe the Fig. 29, 
Data are ſufficient to determine it, 
Imagine the arch A P, to fall perpendicularly 
from the angle, upon the oppoſite fide BC, in 
ſuch manner, that the angle B, which is oppoſite 
to the arch A D, may be acute; this will produce 
three different caſes, as they are expreſs'd in the 
figure, and which all have the ſame ſolution, 

To find the angle C, look in the rectangled 
triangle ABD, wherein you know the acute 
angle B, and the hypothenuſe A B; look, I ſay, 
tor the angle BA D, (by Caſe 3. of Cor. 1. Prop, {| 
1. £9 2.) afterwards, ſay ( ; 4.) | 

ement 


Te ſine of the angle B A D; ſine com 
of the 40770 :1 the ſine of gd. 5 4 C: 


10 the fine of the angle C. 
To 


— _ — 


| 

| 
; 

| 


Afterwards, to find the angle B C 
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To know the fide A ©, ſhy (by Conelu/lon i. 
Sine complement 7 the a1 1 34 JD y 2 1 
Plemou. 75 ang D AC agen! oom pl. 
ment of the grob AB i tangent complroment of the 


arch A C, 3 | 
In the ſame manner we may know B C, by le. 


ting the perpendicular arch fall on A C. 
5 oo ROZ. Nl. . 
[f in the triangle AB C, the angles A and} 
are known, with the fide C B, let fall 


Fig, 28, the perpendicular arch C D, as above, 


which will give you the rectangle tri 


angle BCD, of which you know the angle h, 


and the baſe BC; therefore you will have the 

angle BCD, (by Caſe 3. of Cor. 1. one 1. G2.) 

„ fay (by 

Concluſion 4.) | — 

T he fine comp. of the angle B: ſine comp. of the 

angle A : : fine of the angle BC D: ſine of the 
angle BCA. I 85 
To find the ſide C A, ſay (by Prop. 3.) 

T he fine of the angle A : ſine of the arch BC:: 


fine of the angle B: ſine of the arch A C. 


To find the arch B A, ſeek in the triangle 


BC D, (by Caſe z. of Cor. 1. Prop. 1. 2.) the 


leg BD; then (by Concluſion 3.) ſay, 1 
T he tangent of the angle A: tangent of tit 


angie B: ſine of the arch B D: ſine of the arch 


AD. 
| — 

. If the arch CD be the ſupplement of the 
arch C A, and if DC, D B, be conti- 

Fig. 29. nued till they meet in the point E, the 
arch CD will be alſo the — 


than 2 
differ. 


If t 


are kr 


age 


E 


1 
1 


L111 1 
of the arch C E; and conſequently the triangle 
ACHE will be an Mſpoles and the angles A 115 
R equaly 6s will alſo A, b therefore the dit. 
rent trlangles BCA, B D, will have the arch 
Ch common, and two angles equal z fb that to 
reſolve the triangle ABC, le is not ſuficlent to 
know the angles A, B, with the ſide C B, but the 
affoeklons of the angles, and of the unknown ſldes, 
muſt be alſo known, 


2. If in the reQangled triangle A CD, the baſe 
AC is greater than a quadrant, the angles A CD, 
CAD, will be diverſly affected, (Dy Sub. 19.) 
and on the 9 from thence it follows, that 
to determin the a beklon of the arch A C, and of 
the angle CAD, it is neceſſary to know the 
affection either of the one, or the other. The 
ſame may be ſaid of the arch B A; for if in the 
rectangle triangle BCA, the baſe CA is greater 
than a quadrant, the legs BA, B C, will be of 
different affection, and the contrary, 


co RO T. III. 
If the two ſides A B, A C, of the triangle A BC 


are known, and the angle A, draw the 
. CD from one of the un- Fig. zo. 
nown angles, upon one of the known | 
fides; then to know the angle B, you muſt find 
. arch A D, (by Caſe 3.) and (by Concluſion 3.) 
ay, | i” : 
Sine B D: ſine AD: : tangent A: tangent B. 
The ſame muſt be done for the angle C; then 


to have the arch C B, you ſay (by Concluſion 2 ) + 


Sine comp. A D: ſine comp. D B: (ine comp. 
AC: ſine comp. C 5.0 a n | 
5 CORO L. 
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CORO . IV. 


If in the triangle A B C, the ſides A B, AC 
and the angle B, are known, the ti. 
Fig. 31. angle cannot yet be reſolved, without 
knowing the affection of the angle C; 
for ſuppoſing the arches A C, A P, are equal, and 
that 2 arch D C be prolong'd till it meets with 
the arch B A in the point B; then the different 
triangles A B D, A B C, will have two ſides equal, 
and one angle, equal ; but then, the angle A CB 
will be the ſupplement of the angle ADB; ſo 
that in knowing the affection of the 
angle C, the triangle may be deter- 
mined. To know then the angle C, 
ſay (by Prop. 3.) | . | 
Sine A C: ſine of the angle B : : ſine of the arch 
AB: ſine of the angle C. 
Farther, to find the angle A, let fall the per- 
endicular arch A D, as in the firſt Caſe, and 
ock in the rectangled triangle A D B, the angle 
B A D, (by Caſe 3. of Cor. 1. Prop. 1. G2.) then 


Fig. 32. 


ſay (by Concluſion 1.) 


Tangent complement of the arch BA : tangent 
comp. of the arch A GC: : fine comp. G the angle 
B A D ſine comp. of the angle DA C. 

Laſtly, to know the fide B C, you muſt ſeek 
in the rectangle triangle ADB, the leg BD, (by 
Caſe z. of Cor. 1. Prop. . & 2.) then ſay (by 
\ Concluſion 2.) 


The fine comp. of the leg A B : ſine comp, of the 


leg AC: : ſine comp, of the arc} 
2 4 


D : fine comp, 
he arch D C, / 


> * 


Pro)! 


rence 
DH 
are e 
as F 
AP, 
CF, ſ 


Y. 
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In every ſpherical triangle, wherein the unequal 


legs AC, AB, form the angle A, the 
rectangle contain'd under the fines of Fig. 33. 
the legs AB, A C, is i the ſquare of 
the radius, as the difference between the vers'd 
fine of the baſe CB, and the vers'd fine of the 
difference of the legs, will be to the vers'd fine of 
the angle A. 

Make the circle ABN A, and the ſemicircles 
BCN, ACM; then thro' the point C, make a 
cirele, of which let B be the pole, and another, 
whoſe pole let be A; theſe two circles will appear 
in the figure as the right lines FS, IP: Further. 
draw the perpendiculars L O upon NB, LH 
upon AM, HK upon OL, FT upon BN, 
and FG upon I P. | | 


Explanation of the Figure. 


Since the arches AC, AF, falling from the 
what A, upon the circle F 8, are equal, PB will 
e the difference of the legs AC, AB, and its 
vers'd fine ſhall be T B. In the ſame manner, 
the baſe B C is equal to the arch BI, of which 
DB is the vers'd fine ; and conſequently, DT. or 
F G, will be the difference between the vers'd {ine 
of the baſe B C, and the vers'd fine of the diffe- 
rence of the legs P B. Farther, A B H, and 
BHO, being quadrants, the arches A B, H O, 
are equal z and H K is the fine of the leg A B, 
1s F E is the fine of the leg A C, equal to the arch 
AP, Laſtly, CF is the vers'd fine of the arch 
CF, ſimilar to the arch which meaſures the oy 
he 
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b Def. 4 Ler un fup poſe that H V is equa FE 
to 5 9 — 4 ine of the f 1d an gle; it is then to f 
be demonſtrated, that T P. or its equal A * 
HV :: the rectangle under the f nes H K FE 
the ſquare of the radius HL. 
Demonſirat. The triangle HK L, is fimilar 
to the rang F C G, fince they are both re&ar. I. 
gled, and their an gles L and C are equal, being ſine o 
ä 3 1 of 1 third LGC; therebut rte 
0 wm FG: FC, Farther, I the ar, 
ines FCand H V are 04 vers'd fines of two fimi. five to 
lar arches, FC: HV:: FE radius of BED, 
Fig. 33. FC: HL radius of H V. But the 0 Cl, 
ratio of the rectangle E F H K, to the ference 
ſquare of LH, is compoſed of the ratio of HK b D, 
to HL, and of the ratio of FE to HL, (by MW De 
23. 6.) therefore the ſame ratio will be alſo com. neaſut 
poſed of the ratio of F G to FC, and of the ratio i '* the 
of F C to HV; and as the ratio of FG to HV, half of 
is alſo com ſed of the ratio of FG to FC, and VV. 
of the ratio of FC to HV; the ratio of the ABE 
| aboveſaid rectangle, to the aboveſaid ſquare, will (by 4. 
be equal to the ratio of FG to H V, as was to e cot 
be demonſtrated, the fit 
| half tl 
COROLLARY 1. 0 
This Propoſitlon gives us the fol aches, 
Fig. 14. WW analogy, for finding the at- 
HK he fine of one leg 1 H L the ſſus total 11 
F G the 6 yenee Kwon the 47 1 ſnot A, — 
the baſe B U, and the vers'd fue of the dif under 
yeree FI legs C fourth flue, Then end | 
culars 


FI 


FF the fine of the other leg H L the ine o- 
tal: : F C the fourth fine found: HV the 
vers'd fine of the angle A, 


LE MMA TI, 


If AB is the radius of a circle, and B E the 
fine of half-the arches BD, DC; i. 
farther, we take CM, the difference of Fig. 34. 
the arches BD, DC; I ſay, thez the 5 
ſine total ſhall be to B E, the fine of half the arches 
BD, DC, as CH, the fine of half their difference, 
to CI, the half of CL, or G N, which is the dif- 
ſerence between the vers'd fine of the great arch 
BD, and the vers'd fine of the leſſer one D C. 

Demonſtrat. Since the angle E A B, which is 
meaſured by half the arch BC, is equal (by 20. 3.) 
to the angle CMB, or I HC, (for C 1 being the 
half of CL, and C H the half of C M, IH will 
be FW to ML, (by 2. 6.) the two rectangles 
ABE, IHC, will be ſimilar; and conſequently 
(by 4. * AB:BE:t:CH:iCI, From whence 
ve conclude, that the rectangle contain'd under 
the ine of the half of two arches, and the fine of 
half their difference, will be always equal to the 
teftangle eontaln'd under the fine total, and half 
— difference of the vers'd fines of the ſame 
Ines, | ; | | 


| L 2 MMA II. 


The ſquare of A C, which is the ſine of half 
the areh A N, is equal to the rectangle 6 a9 
7. 


under half the radius, and under the 

werw'd fine DB Draw the perpendl. 

(ulaty A D, E O. | | 
Demon. 


3 
Demonſtrat. The rectangled triangles ADR, 
E CB, having the angle B common, will be ſimi. 
lar; therefore (by 4. 6.) EB: BC: : BA: B), 
or the half of EB: BC: : BC half of A B: 
B D, (by 16. 6.) GC. : 


2 — 


In every triangle, as ABC, the rectangle un- 
der the fines of the arches B A and 
Fig. 36, CA, is to the ſquare of the fine total, 
as the rectangle under the fine of half 
an arch compoſed of the baſe B C, and of the dit- 
| ference of the arches BA and A C; and under the 
fine of half the difference between the baſe, and 
the difference of the arches A Band A C, to the 
{quare of the fine of half the angle A. 
Demonſtrat. By the foregoing, the rectangle 
under the fines of the arches A H and AC, is to 
the ſquare of the ſine total, as the difference be- 
tween the vers'd fine of the baſe B C, and the 
yers'd fine of the difference of the arches AB and 
AC, to the vers'd fine of the angle A. Put in 
the place of theſd two laſt lines, two rectangles 
which ſhall have the fine total for thelr baſe, and 
theſe two lines for their height, or the bal of 
thefe retangles, and you will find that the rett: 
angle under the fines of the arches A B and AG 
will be to the ſquare of the fine total, as the 
reftangle under the fine total, and under half the 
difference between the vers'd fine of the baſe BG 
and the vers'd fine of the difference uf the archd 
AR and AC, is to the reQtangle under half the 
fine total, and the vera'd fine of the angle A. But 
by Lemma t, this third reftangle 1s equal to the 


„ — — ĩ˙—»——— lg A nts Dp. 


rectangle under the ſine of half an arch compoſe 
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of the baſe B C, and the difference of the arches 
A B and A C, and under the fine of half the dif- 
ference between the baſe B C, and the difference 
of the arches AB and AC; and by Lemma 2. 
the fourth rectangle is equal to the ſquare of the 
fine of half the angle A. Therefore n rectangle 
under the fine of the arches A B and A C, c. 


COROLLARY. 


To find the angle A of the triangle A B C, of 
which all the fides are known. | 


1. Add the logarithms which — to the 
ſines of the tiuo arches A B, A C. 


2. Double the logarithm of the ſine total, 


z. Adi the logarithm which anſwers to the 40 | 
of half an arch reef lh of the baſe B C, 
t 


— 2 4 = e arches A 10 9 
tot avithin whith anſuers to the ſine 
hal the Aifference berween the baſe, and the 
ference of the arches A B A ©, 


Then will you have three terms, of which the 
fleſt being fubſtracted from the ſum of the two 
others, half the remainder will be the logarithm 
anſwering te the fine of half the angle A. 


Mie, If the ſides A C, A B, were equal, we 
ſhould draw a perpendicular upon the baſh; 
which would divide it equally, 


Y 


PA O. 


Lins x” 
P n © v, the Laſt. 


Let the triangle A B C be propoſed, wherein 
A is the greateſt angle, and is alſo the 
Fig. 37. pole of the circle K 5 let B be the 
pole of the circle HE D, and C the 
Dole of the circle I E, 'Theſe three circles will 
form the triangle F E D, of which the fide FJ), 
oppoſite to the angle A, will be its ſupplement ; 
the fide FE will be the meaſure of the angle (, 
and the arch D E the meaſure of the angle J. 
Compleat the circle A C, and all the other arches, 
till they terminate in the ſaid circle, 
 Demonſirat. Since the points A, B, C, are the 
oles of the circles K D, H D, I E, the angles 
for the ſame reaſon the points B 8 will be 


the poles of the arches A g, B C, $ from 0 
whence It follows, that DG will be a quadrant, c 
(by $f. 4.) as FK; and G K, which meaſures 6 
the ſupplement of the angle A, will be equal to n 
F D. In the ſame manner E L, and F I, will be | 
Juadrants z and conſequently It, which meaſures t, 
the angle 6 will be equal to the arch FE. Laſtly, Fropot 
DH, and E M, will be quadrants z and conſe. ment 
quently, H M, which meaſures the angle B, will I Wereſt 
be equal to the arch D E. | 777 
Farther, the angles of the triangle FD E, will % 
be meaſured by the oppoſite ſides of the triangle ry 
ABC; only that in the place of the greateſt . 
angle E. its fp lement mult be taken, lou 
Demonſt, e arch H B, and the arch AC, IM Sine 
At 


are etſual; being both quadrants, (by Fu. 3. 
therefbee 8 H Wal allen the * 1 is 
Equal to the fide A B, Ce. 

| 6 0 A0 1. 


1 
COROLLARY. 


If in the triangle A B C, the three angles are 
known, I ſuppoſe, in oppoſition to it, 
another triangle DE F, wherein — Fig. 38. 
DF the ſupplement of the angle A, I 
ive to F E the value of the angle C, and to DE 
. value of the angle B. Then ſearching, by the 
foregoing, the angles D, E, E, the angle E gives 
me the ſupplement of the fide B C, the an ſe D. 
the value of the fide A B, and the angle F, the 


value of the fide A C. 


Obſerve, throughout all Trigonometyy, 


That as thoſe analogies which have the ſine 
total for their firſt term, ate moſt commodl. 
vus for working, it will be convenient to 
change ſuch analogies as have it not, Into 
others which have, which may be done by 
means of the following Reflectlons. 


1. The fine total A . ls 8 mean 
proportional between the fine comple= Pig. 39. 
ment A C, and the ſecant A D. | 


therefore the following analogy were propoſtd, 


7 he fine complement of the latitnde 1 fine to- 
tal 1 1 fine of the declination 1 ſine of the am- 
Hits. 

| ould change It into this, K 
Hue Poraf ; ſeeant of the Latithide i fine of the 
drelinarton t fine of the amprithde. 8 


1 The 
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2, The fine total A B, is a mean proportional 
between the tangent BD, and the tan. 
Fig. 40. gent complement B C, ſince the ti. 

1 angles ABC, ABD, are ſimilar. If 
then the following analogy were propoſed, 


Tangent of the greateſt declination of the ſun 
ſine total:: the tangent of the 8 dec 
nation of the ſin : ſine of its diſtance at it 
neareſt approach to the equinox. 
1 ſhould change it to this, 
Sine total: tangent complement of the great 
declinatiom :: &c. 5 | 


? 


| —_— YI. 
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RACTICAL GEOMETRY. 


D Praacricar GEOME TRV, is here 
meant in general, the art of meaſu- 
ring Lines, Surfaces, and Solids. 


r L 
Of Lines. 
IGHT Lines, or Lengths, are meaſured b 


compariſun with other right Lines, whoſe 
mths are known or determined, as a Farlom, * 


i 


bet, an Dich, &. 


WO 5 „. I, _ SO 
To meaſiire Heights, 


If from the point A, a plummet B be ſuſpended 
the line A q and thro' the point D | þ 
ne 1) C be drawn perpendicular to Fig. 1. 

line A B, the line C A will be what 

call the height of the point A above the 


Int I, | 
. G -" = 


Cp, whoſe length you may meaſure with youſ 


ment of the angle A. Meaſu 


Scale of equal part, (6 many parts on 60 
; | | 


EE 2 

This idea of height, is not altagetler exact, 
ſhall be ſhexwn in another ꝓlacè; but it is. ſuf 
cient at preſent for us to conclude the Heigl 
of any thing is always a line ſenſibly paralh 
to the thread of a plummet, making yigh 
angles ei th lines arawn horizontally, or hid] 
fall perpendicular to ſuch a plumb line. 


2. Let it be propoſed to take the height of th 
tower A D. Place the foot of you 
Fig. 2. inſtrument, (which may be either 
quadrant, or a ſemicircle divided ini 

degrees, Ec.) in any point of the horizontal lin 


rule, then diſpoſing your inſtrument ſo that thl 
plummet may play freely on the limb, look thrg 
the two fights till you ſee the point A, the to 
of the tower ; for then will the point A, and th 
two fights be in the ſame right line A C, and th 
thread of the plummet F E being parallel to th 
7 rag 1eight of the tower A D, the any! 
FC will be equal to the angle C A D, (by 15.1, 
which will be alternatively oppoſite to it, an 
conſequently the angle complement of the ang 
EF C will be equal to the 5 0 C, the comp 
le ring therefore th 
line CD with your rule, you may reſvulve the tt 
angle A D C, (by 7g. 12.) according to the fi 
lowing analogy. © | 
As the (ine of the angle A to the line CD! 
the fine of the ange Gt ro the line AD. 
Th the fame manner you may find the lenfit 


of the line C A. - 
You may lf reſolve or meaſure the tele tl 
Ab mechanically, thus Lay down from tf wh 


| 
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F, as ou find feet or fathoms, Cc. in the line 


, « x 

„b, and drawing the perpendicular F G, lay 
10 wn the line GE, ſo as to make the angle 
10 E G equal to the angle C; for then the triangle 


FG being ſimilar to the triangle A CD, you 
ay conclude, that there are as many feet or 
thoms, go in the line A-D, as you find parts of 
e line F E, in the line FG; fo that the line 
E will ſerve as a ſcale, to meaſure all the lines 
the triangle AD C. 1 


* 
0 
& 
y 

0 

i 
4, 

1 

| 

4 

* 
a 


-* *" _ 


z. If you were to meaſure the height of the 


u A ©, above the ſurface of the 

i youlſ rth B, and could not *ÞPly = rule Fig. z. 

at ti the horizontal line B C. Take two 

thun bints, as B, D, any where in the line BC, ſo 

e tot you may meaſure the diſtance B D with your 

dͤ e, and can ſee the point A thro' the fights of 
der inſtrument 3 then at the point B take, as 

to ore, the angles BAC, ABC, and at the 
anz\int D the angles DA C, C D A, which will 

r 5. rin you with the _— __ 1 
„ n e fre of the angle BAD: to He line 


B Die ſine F the angle DB A tothe 


ang | 
mpk line A D, „ 
e ii hen, 4s the ime of the angle C t to the line 
he u A) tt re [ive of the angle CD A line 
ve f, A C. . 5 | 
Or mechanically 4 laying down upon the line 0 
Dir fo many equal parts us there are feet, Kr. , 
, een B and U, and ring angle G E F F 
Leng"! te the angle B, as the angle H F © mult be g 
e the nes 1 then from the Joint G, 
langſ's the lines KG, & meet, draw the perpen: 
mw aff lar (3 I, und the figure H FE G, Will be 


her ty the pure CD B A, and the line F FM 
90 : "TY wil 
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will ſerve as a ſcale for the meaſurement, that; 


all the lines of the figure H FE G may be mera to 


{ured by the ſcale from which the line FE yſhilar « 
laid down. | ile fro 
4. If you cannot find two points in the fa 
level, chuſe two points B, D, who z 
Fig. 4. diſtance you can meaſure at leaſt vii lay. 
a chord, and from both which y 
may ſee the point A, thro' the ſights of your i 
ſtrument; then from the point B, take the ang An ! 
DB C, A B C, B AC, and from the point at wh 
the angles DAC, ADB, and you will hare Hrface. 
trouble to reſolve the figure A D B C, or to maeſenta 
a ſimilar one EI G H, of which E I will be He lere 
ſcale. | 
: | | | £3 1. Pr 
5. In the ſame manner may be meſheaſe, 
Fig. 5. ſured the lines A D, A B, from the hes, 
* of a tower, provided we know the ns fo 
AC, or D B, or DC. * 
| all, 
PR U F. II. wy 
3 = * 
To meaſtye inacceſſiblè Diſtances, 1 
int 
Suppoſe you would know the diſtanee beruht of 
© two trees A, B, (handing on the coacht g 
Fig. 6, fide of a viver i Chufe two tations, ff fret, 
G, D, the diftance between which Reer 
may meaſure 4 then planting your inſtrument Fr % 
J), and taking eare It les truly horizental, le 
thro! the ns till you ſee the points C, A, , i +: 8e 
ſhall you find the anglen ADB, BD Cz do tile m 
lame at the point C, to flud the angles BC! 
Q ru] 


A CD, then will you be furniſh'd with ſuffici 
5 | dat ay Of 
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ta to reſolve the figure AB C D, or to make a 


le from which you laid down the line FE. 


e {a Fans. UM, - 

who | | 

t wii ay Jon the Jehnagraphical Plan of a place 

h y upon the ſpot. = 
our | | 
ange An R Plan is a figure ſimilar to 
unt Hat which the thing itſelf makes upon the earth's 


eſentation of the figure ſuch houſe makes upon 
e level whereon it {lands, LE 


uſe, as ſuppoſe fathoms, ſeet, and 


ns for fathoms greater or leſs in pro: 
tion, as you Would have your Plan large or 


alt, 

The uſe of this ſtale is very eaſy: For if 1 
ould, for example, take o__ it 3 fathoms 4 feet 
Inches, 1 place one foot of my cotpaſits on the 
int A, eommon to the line of 4 fathoms, and 
it bf 2 Inches, and extend the other foot to the 
ft Bj Where the line of 2 Inches euts that 6f 
feet, and the diftanee A Þ will evidently be 
arms 4 feet 3 inches. (Se i the Appendly 
t 4ef6riprion And ſe of Diagonal Seater, 


, Several Inſtruments are uſed for taking the 
gle made by two walls, but the beſt 
't is that called a Merragon, made of Fig, 8. 
0 rulers, join'd ſb at C, as that the 


ay open and ſhut; round the point C is de- 
Mins G 3 . ſerib d 


ilar one G H F E, meaſurable by the ſame 


face, Thus the Plan of a Houſe is a juſt re- 


1. Provide a ſcale divided into what parts you 


hes, as in Fig 7, making your divi- Jg. 7. 


4 
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ſcrib'd a circle divided into degrees, and on thM tbe 0! 


point C, or center, is fix'd a ſmall index, which take 
as the rulers open or ſhut, runs thro? the diviſion and | 
and ſhews exactly the diſtance they ſtand at. likew 
I) he uſe of this inſtrument is, by applying ou M N. 
ruler to one wall, and the other to the othe the p 
either on the inſide, or the out, and the inde +5 v0! 
will ſhew the angle they make with each other. be 
n 
3. Suppoſe it were required to take the iche! 1" 
graphical plan of the building ABC 
Fig. 9. caſure the length D E of the wall 4M 
| and taking the ſame meaſure from you 
ſcale, ſet it upon the line HI z then taking th « 
length of the wall B, and the angle it makes wit 6 
the wall A, ſet off from your ſcale the length oil .. r 
the wall B, upon IK, laying down the line IK hut 
ſio that the angle HI K, may be the ſame that * 
the wall A makes with the wall B; do the fu ( 
with all the other walls, and you will produce d . 
figure HIK LM. which will be the plan 6 3 10 
the building A B C. The reafon of which fff de 
evidetits ; me 
| KB 
KC 


4. But becauſe the multitude of walls au u 
1 angles te be taken In a large building 72, 
Ig. 19, muy cauſe ſome error to ip In, a K N. 
fo hinder the _ of the figure, h f R 

P 


ſerve the follawing methed 1 Suppoſe a plan wlll p N 
to he taken of the building R. Extend the chaq p C! 
AB, divided into fathom, feet, and inches, along meer! 
one fide, as A E, the length of which you 1 the p 
| tranſport from your ſcale upon HI, which youll gm 
may continue, or produce as an obſcure line, . T. 


what length you pleaſe. Farther, having a larp 
{quare, ſlide one of its ſides along the chord, g other 
| CET | 4M 
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the other —_—_ anſwers to the point D, then 
take from your ſcale the diſtances A E, and E C, 
and having laid them down upon HIM, ſet 
ſikewiſe the diſtance C D upon the perpendicular 
MN, and the point N in the plan will repreſent 
the point D, Do the ſame for all the other points, 
s you may ſee in the figure, ſo ſhall the figure V 
be the exact plan of the building R. 

In this manner may the plan of a city, with 
ichnolM is ſeveral ſtreets, be eaſily taken, 


ABC 

all an Pxo7, IV. 

g th To take Ichnagraplhical Plans at a diſtauce, 
ay Suppoſe a plan were to be taken of the place A. 
I Ghuſe two ſtations, as B, C, as far 


E the diſtance) from 
whe 


uy is B, F, G, H, I, K, then fixing your inſtrument 
cb horlzontally at the polnt B, take Coy Prop, 2 

the angles BBC, FBC, G B C, HBC, IB G, 
KBC, do the ſame at the polnt C, for the angles 
K CB, ICB, H B, cg. then taking upon 
your per two polnts M, N, to repreſent the 
olnts B, C, make the angles O M N, P MN, 
MN, 8 MN, ee, equal to the angles E B G, 


PN M, RN M, equal to the angles B QB, 


FOB, G g, (go. and the lines MO, N O, 
meeting at the point O, as the lines MP, NP, at 


ſimilar to the figure EFGHIK, 
roceed with the plan, you muſt take two 


G 4 | plan 


from each other as you can convenient- Fig. 11. 


hence you may ſee the moſt angles of the place, 


FRO, G B G, ee. and the angles O N M., 


the point P, o. will form the 1 OPRSXT, 


To 
other — D, L, which are repreſented in the 
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Plan by two other points, as Z, Q, in makin 
the angles T N Z, Z T N, equal to the ange 
K CD, DK C, and the angles Z T Q, Q7ZT 
equal to the angles LK D, LDK; it will be 
eaſy thus to take as many ſtations as you pleaſe 
doing in all reſpects as at the ſtations B, C, to take 
in the whole circumference of the place. Each 
ſide may then be meaſured by the ſcale, fron 


which you took the lengths of your ſtationary 
lines. | | | | 
Note, 1, It will be till more eaſy to take plan 
ot fields, and of roads, where you only EHU! 
your inſtrument at ſome principa] points co 
which will ſerve as ſtations for taking thoſe com 
between them. ſquar 
. When we are obliged to take the plan of any il 
place yo the ſea, we uſe the Compaſs for 
taking the angles, | 

5 1 
lar pi 
| | bs 
—_— | | PA 
A\ ' para 
of th 
28 05 its cc 
| WM by | 
5 | angl 
| PART balf 
and 


aking 
angles 
7 
„ill be 
leaſe 
take 
Fach 
from 
onaty 


lang 
y fix 
dints, 
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To meaſure SURvAGES. 


GURFAC ES, or Superficics, are meaſured b 

compariſon with certain ſquares, denominate 

from their 65 ſides, as {quare fathoms, or 
ſquare feet, 


p. 0 „ 
To menſure plain Surfaces, 


1. To find the area or content of the reftangu- 
lar Ty ram A BOD, multiply its 
baſe A B by in bel height A D, and the 

toduèt will give you the content, that 
le, the Aman it contains : and as every other 
parallelogram, as A F E, 7 equal to a rectangle 


Fig, 12, 


of the ſame baſe and height A CD, (by 35. i 
its content will be foun 15 1 55 its _ 
by its height, as * tho' it be not a reét- 


* 


2. The triangle A B C, being the 
half of a E of the ſame baſe 
and height, = y 37.1.) to have its con- 
tent you mu 


Fig. 13. 


either rs its baſe by half its 
height, 


ef 
a 
1 
. 
4 
1 
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height, or its height by half its baſe, or mult. 


ply ng the whole baſe by the whole helght, take 
alf the product. 


3. If in the trapezium A B CT), the 
Fig. 14. lines A B, CT, are parallel, multiply 
the half of A B, and the half of C P, by 
Fig. 15, the height EF, But if they are not 
parallel, multiply the 171 ACby 
half the ſum of the perpendiculars DE, BF, 


Thus Surveyors meaſure land, and thus Artif: 
cors meaſure their works, as pavements, roofingy, 
and floors, Co. Theſe Propoſitions may alſo be 
applied to the Military Art, in finding what 
number of men compoſe a battalion or ſquadronz 
for it is but multiplying the number of men in 
rank by thoſe in file, and you have the anſwer, 


4. To find the area of a regular polygon, as A; 
draw from the center A, the perpend!- 
Fig, 16. cular A B, to one of its fides HC, 
which being multiplied by half the cir- 
cumference, or ſum of the ſides, will give the con- 
tent : For if I R be taken for the height of a tri- 
angle equal to BA, and the baſe'I P be made 
equal to the circumference D EE G H, the tri 
angle I RP will be equal to the polygon A. 


5. As a circle may be taken for a polygon of 
an infinite number of fides, to which its radius 
is perpendicular, its area may be alſo found by 
multiplying its radius b half its circumference. 


And thus we ſhould find the quadrature of a 
5 circle, 


1 
uli. MY circle, (which could never yet be obtain'd) if we 
le could exactly determin the proportion between tho 

circumference and the diameter, We cun only 
24 by ä that the circumference is to 
the diameter nearly as 22 to ), or 3,1415 to 1. 
o To meaſure a Turface whoſe — aries are 


pl 
100 ſome of them ſtralt lines, and others 
not curve, divide it into ſeveral triangles, Hg. 17. 
by WY which, by reaſon of their ſmullneſs, may 

paſs for rectillnear, without any conſiderable 
4 p A O r. VI. 
0 To meaſure curve Surfaces, 


1. To find the ſurfice of a rectangular cylinder, 
multiply the circumference of Its baſe, 
by its helghtz for if you imagine the Ng. 18. 
curve ſurface of a cylinder extended to 
a plain, it would become a rectangular parallelo- 
gram, whoſe height would be the height of the 
cylinder, and its baſe the circumference of the baſe 
of the cylinder, 

lf the cylinder A is not rectangular, you muſt 
multiply the circumference of the baſe _ 
by the line B D; becauſe its ſurface Fig. 19. 
will be an infinite number of parallelo- 
pony having all the ſame height B D, and whoſe 
aſes all of er will make up the circumference 
of the baſe 1 


2: If the circumference of the baſe ; 
of a right cone A, be multiplied by Fig. 20. 
half its fide E F, it will produce the 
area of its ſurface 5 which is nothing elſe but an 

= GE: infl- 


the cylinder. 
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infinite number of triangles, whoſe height is EF, 


and all whoſe baſes together form the circurnl 
rence.of the baſe of the cone, 


LE M M A l. 


If a right cone be cut by a plane parallel to it 

baſe, the common ſection D will be a 

Fig 21. mw, whoſe radii will all have the 

ſame N G to M A, the radius of 

the baſe, as CD to C A, or as D O to MA, 

(by 4. 6.) and as this ſaid {ſection will be erpen. 

dicular to the axis CDA, * 1. 11.) the part 
D C of the divided cone, W 

cone. 


COROLLARY, 


tf H G be ſuppoſed equal to the clreumſhrea 
of the elrele A, and LF equal to the fide * 

I ald R F be equal to the fide C O, then wil 
IEK, parallel to H G, be equal to the elrcum, 
ference of the elrele D. For the elrcumference of 
vy _ D, ol to that of the circle A, a8 DO to 

or CD to C A, or w I K to OH, wn 
— A d equal to the elreurnference of the 
ehrele poſe 00 the triangle 1 I K, wlll be wn 
ro the ſurfice of the cone ID C, and the trapexſu 
IK G, will be equal to the ſurface of the 
ſoedlon B A. 

In the ſime manner, If we ſuppoſe the baſe V. 
equally diſtant from the baſe 55 — the baſe A, 
its circumference will be found equal to the line 
KP of the trapezium, equal! dani from th 2 
line H G, and the line K 1 But the trapezium 

GHIK is equal to a rectangular Dralle ar 


Il itſelf be a rh 


Fences, 

dreum 
eumſer 
the res 
of the | 


of the ſame height, having R for its baſe; 
herefore the ſurface of the ſection of a cone, is 
equal to a rectangular parallelogram, whoſe baſe 
x equal to the circumference of its mean baſe V, 
ind height equal to the fide O M. Es 


LR M M A II. 


Suppoſe the ſemicircle A K G, touch'd by the 
line O B in the point C, and by the | 
line A E in the point A; further, ſup- Fig. 22, 
oſe CB, C O, equal, Draw B F. 3 
OX, and C M, parallel to AG; and LK, XF, 
parallel to A BE; if then the whole figure be ſu 
poſed to be tutn'd about the yarpong culat L E. 
whoſe point I is the center of the ſemicircle, the. 
ine O E will deſcribe the ſurface of a 1 ey⸗ 
Under, whoſe radius will be ON, or L A, and 
ts helght X F 4 and the line O B wlll deſcribe 
the ſurface of a ſectlon of a cone, the radius of 
whoſe mean baſe ſhall be C M, and Its fide 
9331 ys that theſe two ſurfaces will be equal, 
Draw LG. | | | | | 
Demonſirat. The rectangular mug ROB, 
CM IL, are equlangular, for the angle BOM, 
which 1s equa to the angle B, (by ty. t.) the 
complement of the angle O. ls alfo the V 
ment of the angle LOM. Then {fy + 6.) „ 
r XH OBi1iCMiCT, or and ſinee 
the radi{ are in the ſume ratio as the elreumfe- 


rences, (by 1, 12,) X F, or OE 1 OB) 1 the 


clrcumference of the mean baſe CM 1 the elr- 
cumſerence of the baſe AL, Therefore (by t 5. 6.) 
the reftangle under O E, and the circumference 


of the baſe A L, which is the ſurface of the _ 


m 3 
der, is equal to the —_— under OB, and the 


circumference of the mean baſe C M, which is the 
ſurface of the ſection of the cone. 
It the point B falls in the line LK, the ſame 
thing will follow, tho? the cone be not 
Fig. 23. cut. For the triangles X BN, CI. M, 
will be fimilar, and conſequently BN, 
or OE: XB: : CM: CI. . 


co RO T. 1 


If about the ſemicircle A be circumſerib'd the 
polygon DB E, and the perpendiculars 

Fig. 24. AB, DC, E F, be drawn upon the 
diameter D E; if, further, the whole 

figure be ſuppoſed to be turn'd about the line 
AB, the ſides of the polygon will deſcribe ſur- 
faces of cones, which all together will be equal to 
the ſurface of the cylinder deſcrib'd by the line 
DC. But the ſemicircle is a 3 ·1˖ᷓb of an inf. 
nite number of ſides; therefore the ſurface of 
the demiglobe, which it deſcribes, will be equal 
= — of the cylinder deſerib'd by the 


CORO . Il, 


If the ſurface of the cylinder, and that of the 
demiglobe, be each of them divided 
Fig. 25. into ſeveral parts by parallel planes, 
each part of the one, will be equal to 

the correſpondent part of the other, 


EL 


„ 
, 
To find the ſurface of a * multiply 


its radius by the circumference of one 

of its great circles, or by of its dia- Fig. 26; 
meter. In the ſame manner, to meaſure 

the concavity of a vaulted or ſpherical roof, paſs 
a circle thro its ſummit D, and thro' two points 
E, C, diametrically oppoſite z then multiply the 
height A D by! of the diameter of ſuch circle, 
All which follows from the preceding Co#01. 


We take no notice here of ſurfaces —_— by 
the circumvolution of parabolas, hyperboles, 
or ellipſes, & c. nor of bodies bounded by thaſo 

| figures, as not being neceſſary to our preſent 

e + 


 +FAAT 
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PART m. 


To meaſure 8 0 U 1 . 


— OLI ps are meaſured by compariſon with 
certain known cubes, denominated from theſt 
teſpectlve ſides; as cubical fathoms, cublcal 
feet, Oo. 


PRO. vn. 


1. To find the — or content of the reQan- 

. gular parallel 8 A z multiply the 
Fig. :7, Area of its baſe BOD E, by AN; 
B F, becauſe if Its baſe contains 4 feet 
ſquare, and its height a feet, It will contain two 
layers of 4 feet Square ench, 


2, If the parallelipepidon-B- is not reftangular, 
"= muft Mill multiply its baſe by its 

Fig. 28, height G H, becauſe it is equal toa 
rectangular one of the ſame baſe and 


height, 


3. To find the content of a priſm, as A, mul. 

tiply the area of its baſe by its height, 
Fig. 29. it being the half ot the parallelipep- 
don AB EC, which is to be under 


ſtood of all kinds of priſms, as well as triangular 
ones, 


ones, 

lar pr 
of an 
the ar 
their 


7 


multi 


enter, 
the rac 
of the 


yin 
vl : 
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N 
prolong 
meet in 
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the con 
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ones, ſince they all may be divided into — 
lar priſms; and further, ſince cylinders are priſms 
of an infinite number of ſides, we alſo multiply 
the area of their baſes by their heights, to have 
their content, ED 


4. The area of the baſe of a pyramid A, being 
_ Mnultiplied by the 4 of its patrons leu- 
— Wir height A E, will give its content, Fig. $0, 
becauſe it is but the one third of a priſin 
ot the ſame baſe and height, (by ). 12.) The ſame 
a eto be underſtood of cones, Which are pyramids 
cls of an infinite number of fides, „ 


* 

„ A globe may be conſidered as an infinite 

tumber of pyramids, whoſe vertexes meet in the 

center, and Whoſe baſes form the elreumferenee 

the radius of the globe will be the common height 

n. WY of the pyramidez conſequently therefore, multl- 

plying the ſurface of the globo by + of its radius 

will produce Its content, that is, the content of all 
cet A che pyramids compoſing It. 


6. In the ſame manner the ſor of a globe ls 
equal to a cone, having the radius of the ſector 
lar, i for its height, and its baſe equal to the convex 
Y 119 BY ſurface of the ſector. Thus may a ſoctor, or any 
to other part of a globe be eaſily meaſured, 


7. To meaſure the ſection of a cone, as AB, 
I boolong its fides OD, E F, till they 
nul-W meet in the * K; then meaſure the Fig. 31. 
git, Mcones AK, B K, and ſuhſtract the lit. | 
pr tle one from the great one; the remainder will be 
der-WMthe content of the ſection AB. 5 


ones, . 30 


„„ 
To avoid a multitude of operations, the con. 
mon practice is, to e the baſe A, and the 
r 


baſe B, by the half of their diſtance A, B, tho 
this way {4 not altogether exact, 
In order alſo to find more readily the content of 
the baſes by their diameters, we male 
Fig, 3%. uſe of a rule AB divided in the fi. 
lowing manner, Take AD equal to 
x foot 4 Inches, and a little more than three lines, 
(which is the meaſure of the diameter of a circle 
equal to a foot gone) and ſe t A C equal to AN, 
perpendicular upon A B it is then plain (by 
47. f.) that C D will be the diameter of a baſe of 
a feet; make then A E equal to C D, and AF 
equal to O E, and A G equal to CF, Ce, aud 
ſo will you obtain the ſeveral diviſions of your 
rule ; and in the ſame manner alſo may you lay 
down the halfs, and quarters, Thus we meaſure 
Veſſels, Maſts, Yards, Piles, Co. 


8. Other irregular bodies are meaſured by d. 
viding them into priſms, and pyramids, and often- 
times thn ways are preferr'd to the es. 
acteſt. Thus ſome gauge a ſhip as if it were a 
priſm, by multiplying the length of its keel into 

a triangle, whoſe height is the depth of the ſhip, 
and its baſe the mean width, or length of the mid- 
ſhip beam. 
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PAR T 1V. 


Some PROBLEM. 


Tz 18 Part in the Original contains five 
Problems, the firſt and ſecond of which be 
Ing the eonſtruction of the French ſector, and the 
proportional eompaſſes, and the fourth the man- 
ner of inſcribing regular pr in a circlez as 
have more largely treated of the firſt in the Ap- 
pendix to this work, and included the laſt in the 
extra I have added of the fourth Book of Euclia, 
omitted in the French; I ſhall therefore here only 
add the two following Problems. | 


inn . 
To make plain fgures equal to others given. 
| 


1. To make a parallelogram equal to a triangle 
ABC, let its baſe E B be equal to 
half the baſe of the triangle, and make Fig. 33. 
it between the parallels E B, C D, (by 
41. 1.) But if the parallelogram muſt have a de- 
termin'd line L for its baſe, continue CD, till 
DK be equal to L; then drawing K B, till it 
meet CE in the point F, and finiſhing the paral- 
- 5 on | lelogram 


jelogram CK PH So at 
elogram its complement BG HI wi 
be the parallelogram required, OT wi 


2. If you divide the right-lin'd figure pve 

AB CD E, into three telan Jet, "und 

Ng. 44. change thoſe triangles into three te 

angles having the ſame baſe F G, (by 

the — placing them one upon another, 

ou will make a rectangle equal to the reetillneat 
gure given, 

q If you ſrek a mean proportional betwee 

the baſe b G of the ane Gl 1 and I 


| helght GH, (by 14. 6.) the ſquare of ſuch me 
proportional will be — to the eng 


if 
figure ABCD R. nſequently to the reetilinga| 
Of the diviſion of right-lin'd plain figures. 


r. To divide a triangle into any number of 
parts, either equal or unequal, in an 
Hg. 33. 3 given; divide its baſe A 

5 nto ſuch number of parts, and in ſuch 
proportion; then draw lines from the point C. to 
Lach diviſion : ſo ſhall the triangle be divided in 
the proportion required, (by 1. 3.) 


2. In the ſame manner to divide the 
parallelogram ABCD, divide its pa- 
rallel ſides A B, CD. The ſame js to 
be done with a trapezlum, as A BCD, 
whoſe ſides A, C D, are parallel, 


Fig. 36. 
Fig. 37. 
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z. If the reQilinear _ ABCDE be to be 
divided in any given ratioz divide it 

into triangles, and make three rectan- Fig. 38. 
les of the ſame en, equal to the | 
Nees triangles, vis. LN, N U, OP, (by Prob. 1.) 
then divide the line L. B according to the given 
atio In the point R, and ſuppoſing that polnt 
falls in the baſe LN of the patallelogram, equal 
to the triangle CG D E, divide D H in the polnt 8, 
n the ſame ratio as L Nin the point R, and the 
line C8 will divide the reckilinear figure in the 
atio glven, as the perpendicular R Q divides 
the reftangle M P in the (hid ratio, {by the pre- 
eding) finee the triangle CSE will be equal to 
the rectangle LM, both the one and the 
other having the ſame ratle. 
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MEC HANICES. 


DPRFPINITION S. 


„h V Meobanicks, is here meant the 
B — 1 wy ng or raiſing heavy 
odjes with-facility, 

G00 A 

2. We call Weight or Gravity that inclination 


of heavy bodies to deſcend, or approach the center 
of the earth. | 


3. By Motion we underſtand the ſucceſſive pro. 
greſſion of a body from one place to another, and 
of the quantity of ſuch motion we Judge, 1. By 
the magnitude of the body moved, 2, By the 
length of the ſpace it runs through in a.limited 
time, | 


4. Velocity therefore is nothing elſe but the 
ſpace the body runs through in a time deter- 


5. Power, is that which gives the motion, 
whether it be an animated thing, as the hand of 
a man, or inanimate, as the weights. of a clock, 


Prvs1car, 


[ 144 ] 


PHYS IAI SUT TOS Iro. vith tl 


ances 


1. The Reſiſtance found in N a body pts 
ceeds chiefly from two cauſes: tr, The body w 
would move has ſometimes beforehand a contray 
motion to that we would give it, as when yt 
would raiſe a weight which has a natural tendeng 
to deſcend. 2, At other times, the body we woul 
move cannot ſtir without the partition or diviſig 
of ſomething containing it, as when we woul 
move a body in the water, 


2 If two bodies are equal in all reſpeQs, an 
equal power is neceſſary to give them an equal 
velocity of motion, (by Def. 3) But to make one 
body move with twice the velocity of another, 
double power muſt be applied, (by Def. 3.) there 
fore every thing elſe being equal, the powet mul 
be increaſed in the ſame ratio or proportion with 
the velocity. 


3. A power can only communicate ſo much 
motion as is in itſelf, 8 
4. Weight or Gravity _ nothing elſe but an 
inclination or tendance towards the center of the 
earth ; that motion increaſes always in proportion 
with the weight. 


nce It 
Intrary 
G of. 


5. A power cannot move a body, unleſs its 
force be greater than the reſiſtance, or contraty 
motion of the body; and as the reſiſtance of 4 
body increaſes in proportion to the velocity of itswards 
motion, (oy Def. z.) it is evident the force of the A, th 


power ought to increaſe in the ſame proporte an the 
| | 5 wit | 


It is t 
odies 


— 


[ 1451 
with the yeloclty of the body, all other elreum- 


ſtances —— 
1 therefore be lo 


A Power i capable of moving a Body, when 


'd upon as infallible, 


' Wi 
Abe force of that power has a greater proportion to 
100 tte By of the body, "than the velocity of 
nie body to be moved has to the velocity of the 
ul e / ) and wor otherwiſe, HT : 
ion 


Upon this prinelple then, (which exactly agrees 
with Definition 3.) the whole doftrine of Mecha- 
leks may be faid to depend, without ſearching 
" any others, 4 many authors do to no pur- 
010, | ; | 


r. I. 


Ik the weights A and B are equal in all reſpeQs, 
nd are hung on the two ends of a ba- 

nce horizontally ſuſpended at the Fig. r. 
vint C, ſo that the parts CA, CB, 

re exactly equal, the weights will remain in 
quilibrium, hed ES 
Demonſt. The weight A cannot deſcend to 
be point D, without raifing the weight B to the 
int G, which is impoſlible, (by Ax. preced.) 


ould 


\ in 
qual 
> One 
er, 4 
nere. 
muſt 
with 


nuch 


ut an 
F the 


roo nary force of B, than the ſpace or velocity 


G of B, has to the ſpace or velocity E D of A. 


R REM AA R. 


[t is true, that as the deſcent or aſcent of heavy 
dies are meaſured by lines tendin 
wards the center of the earth, as oy Fig. 2. 
A, the weight B, will. deſcend more. 


$ itz 
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ual, The following Axiom 
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Lai 
ADiFA and HG; GC EB, or AnMſhis r 
BC; then ſince G Q is = than GF, hat fo 
will be greater than FA, But as this difference 

will ceaſe upon placing the beam duly hot 
zontal; ſo if the fide on which the weight 4 
hangs be inclin'd, then will the weight A hay 
_— advantage of the weight B, for the ſimy 
reaſon, eg 


1 1 
hat thi 
art A. 
he weig 
eloeity 
tlocity 
0A 
bee of 
roporti, 
reced, ) 
what 
We ca 
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2. If the weight A is double the weight! 
and it reciprocally the diſtance Ch 
Fig. 3. double the diſtance C A, the weight 

N will be {till in equilibrium, 

- Demonſt, The force of the weight A, will b. 

to the force of the weight B, reciprocally as th 

velocity or ſpace run thro' of the weight B, vis 

DF, to the velocity or ſpace E G, run thro! by 

the weight A; therefore (by Ax.) the weight! 

cannot raiſe the weight B, nor the weight Þ th 

weight A. 

In this caſe it is alſo neceſſary, that the bes 

be perfectly horizontal, for the ſame reaſon 4 


before. a W. 
LG tance v 

3. It is eaſy to conclude, that if the veloci ll dim 

of the weight B increaſes in preater proportiq A | 
than the gravity of the weight A, the weight MW be 
will conſequently raiſe the weight A. Ss = 

e weigh 

| CORTES ART. his fe 
From what has been ſaid it may be conclude * = 
chat the whole art of Mechanicks conſiſts 1 | W1 10 
diminiſhing the velocity of the weight to! — 
moved, at the ſame time that we increaſe thi" & 


velocity of the power cauſing ſuch meren 


 * 
his may be done many ways, of which theſe 


hat follow are the chlef. 
pA o r. II. 
07 ' the Lever. 


1. If the bar A B be fo reſted on the point C, 
hat the part B C be ſhorter than the 
ut AC, when the power A deſcends, Fig, 4. 
he weight B will be raiſed z but the 
elocity of the power A, will be greater than the 
eocity of the weight B. in the ſame proportion 
0 & is greater than C B 4, therefore the refit 
dee of the weight B will diminiſh in the ame 
roportion with regard to the power 1 (by Coy, 
reced,) that is to ſay, its reſiſtance will 
what it was before, as CB to C A. 
We call the bar AB in this caſe, a Zevey of 


2, If the bar A B be reſted upon the point A, 
d a weight be hung at C, its re- 
tance with regard to the power B, Fig, 5. 
ill diminiſh in the ſame proportion 
CA is leſs than B A, becauſe its velocity 
ll be diminiſhed in that proportion, For 
ce the arch of the aſcent of the power B, will 
ve A B for its radius, the arch of the aſcent of 
e weight C, will have for its radius but C A. 
this ſecond caſe, A B is call'd a Lever of the 
n kind. Oh ' 

It will be eaſy to refer to theſe two kinds of 
rers, ſeveral ſorts of inſtruments, as pinchers, 
OW. RR Tt | 
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P u O P. III. 
Of inclined Plauen. 


If the welghts A and D are faſten'd to 1 
chord ABD, and the wag! D qd 
Ng. 6, ſtende by the vertical line D E, hl 
the welght A ls raiſed up the inclin 
plane A R; the velocity or ſpace run thro' byt 
welght A, when come to E, ſhall be meafun 
by the line E P, fince that is the true height i 
raiſed z and the velocity or ſpace run thro' byt 
weight D, ſhall be meaſured by the line AP 
and conſequently the reſiſtance of the weight | 
will diminiſh with regard to the power D, 
proportion as DE to E A; that is to ſay, thi 
upon the inclined plane A E, the reſiſtance of |! 
moe A, will be to its own natural reſiſtance 
+ to EA; ſuppoſing no impediment by f 
Wedges, and nails, are to be referr'd to inclin 
planes. | 


PR o y, IV. 
Of Pullies, 


1. The pullies A being fix'd, do not at all 
miniſh the reſiſtance of the ** ( 

Fig. 7, 8. with reſpect to the power B, becau 
they make no alteration in their vel 

city. On the contrary, the friction of the cho 

_ paſſing thro? the pullies, increaſes the reſiſtance 
the weight; therefore ſuch fix'd pullies are * 
e if 


ſed but tor the more caſy application of greater 
owers, 


1. To leſſen the friftion of the chords, wheels 
te placed In the pullies z which the bigger they 
e, the better, becauſe thelr clreumferences have 
jereby the greater velocity with regard to the 
Klon of the axle, beſides that they make ſower 
* | | | 


3. If the welght A be faſten d to the moveable 
lock A, and a "_ > Tone to the 

movable block B, paſs ſeveral times Fig. 9. 
ro' both, it is evident that the power 

being applied to the end of the rope, cannot 
ſcend without raiſing the block A; but to 
iſe it the whole length of the line A B, the 
ower muſt deſcend as many times the length ot 
e ſame line, as there are returns of the rope from 
ne block ta the other, So that the velocity of 
weight A, will be to the velocity of the power 
as A B to the ſeveral turns of the rope; and 
nſequently the reſiſtance of the weight will 
iminiſh in the ſame proportion, with regard to 
e power C. 1 PE OR | 


4. It is eaſy to perceive how by this means the 
ſiſtance of weights may be infinitely diminiſhed, 
z. by multiplying the turns of the rope, or in- 
eaſing the number of pullies, as in Fig. 9. 
cal herein the reſiſtance is 4 times leſs with regard 
the power C, which has 4 times its velocity, 
ut becomes 16 times leſs with regard to the 
ower D, which has 16 times a greater velocity. 
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let looſe, It will fall thro" 


AA IIS eg” 2 : 


but 1 0 
end B to the block, becauſe if the fuld end h made 


to the block F, will bear but the I of the ſtreſ 
the velocity of the weight, 


[190] 


5, For the ſame reaſons, the 1 A emo 
have Its whole force upon the rope which ſuſtalyM of t 
the Immoveable block B, becaule it has the fam 52 t 
velocity with the block By for if the block B of t! 
| jul the ſame ſpace u whe: 

the ＋ 45 Itſelf would, But the weight A lay the \ 
its ſtreſt upon the rope which faſtens the 12 t. 


unlooſed, it will have 4 times more velocity than 
the weight; ſo alſo the rope faſtening the end M 


of the weight, becauſe that end will have 16 tine 


the 2 
Pa Or. VI, 
Of Capſtons, Wheels, &c. — 
| e n 
1. When the power C, at the end of the bi 
A C, has turn'd the capſton A B, he 
Fig. 10. rope D F will be alſo turn'd round th 
axle D, and will have ſo far advanced 
the weight E; but at every turn of the capitol 
the power deſcribes the circumference of a cirel If t 
whoſe radius is A C, and the weight E is only { the w 
far advanced as is one turn of the rope about tht R th 
axle D; and conſequently the velocity of th T0 
power will be to the velocity of the weight, as th D ! 
radius C A to the radius of the axle D, and tha "8 
force of the power C will be augmented with te Power 
| Bard to the weight E, in the ſame proportion. l to t 


| 4. It is eaſy to apply the ſathe conf 
Fig. 11. deration to MR eden of „ Bu 
yore, the power of wheels may be inf 


nite!) 


wn] 
iitely increaſed by mixing pinions, or ſinall wheels 
among the great anes, For 7 it the radiug 
of the axle of the vertical whee A, which hag 
1z teeth horizontally placed, 1s but a fourth part 
of the radius E F of the handle D, and if the 
wheel C has but g teeth, which take the teeth of 
the wheel A, when the power D ſhall have made 
12 turns, the wheel A, and its axle, will have 
made but one, and the weight G will be rals'd 
but one.turn of the chord about the axle HB ; 
therefore the velocity of the power D will be to 


one turn of the axle H, or as 12 to 4, or as 48 
to r; and conſequently the power D need only be 
the 20 part of the weight G. 1 


3. A thouſand machinies may be made by the 
multiplication of heels; but great care muſt be 
taken that the friction be as little as poſſible. 


pA Or. VII. 
Of the Screw, 


If the powers D turn the ſcrews B, at each turn 
the weight A will be rais'd one notch, | 
and the power will deſcribe the circum. Fig. 12, 
ference of a circle whoſe radius will be 
BD, and conſequently the reſiſtance of the 
J weight A, will be diminiſh'd with regard to the 
power D, in proportion as the height of the notch 
18 to the circumference of the circle, whoſe radius, 
as was ſaid, is BD, | 


\ 


Inf 
ate!) 


that of the weight G, as 12 turns of the handle to 


x 
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pA o r. Vl 


Of Liquors, 


If the tube A is quadruple the tube B, with 
which it has a communicatiun by the 
channel C, and any liquor be put into 
it, it will riſe to the ſame height in 
both tubes, | | ; 
Demonſtrat, If there be 4 pounds weight of 
liquor in the tube A, there will be 1 pound in 
the tube B, ſince both tubes will be equally fill'd, 
But the 4 pounds in the tube A cannot ſink 1 inch, 
for example, but the pound in the tube B muſt 
mount Tag we : Therefore the ratio of the force 
A, to the force B, being reciprocally as the ratio 
of the velocity of B, to the velocity of A, the 
weight A cannot at all raiſe the weight B, (by 


Axtom,) 


If you put into the tube B, a different liquor 
rom that in the tube A, it will ſtill remain it 
equilibrium, fince the liquor in the tube B wil 
_ as much as that in the tube A, if it rife 
in the tube B to the ſame height as in the tube 


Fig. 13. 


A: For example, if into the place of the pound 
of liquor in the tube B, a pound of other liquor 
be pour'd, it will make an equilibrium with the 
4 pounds in the tube A, to whatſbever height it 
riſes in the tube B. . 
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By thle It appears, how ſmall a eylinder of 
E may counterbalance all the water in the 
fl, | N 


COROL, u. 


[f the body A be put into water, it will fo far 
ſink as till it takes up a ſpace equal to a maſs of 
water of its own weight, | „ 

Demonſirat, The body A, with the water 
under it, forms a cylinder, making an 
equilibrium with all the reſt of the wa- 
ter, as with another cylinder : There - 
fore (by Cor, preced.) this cylinder compoſed of 


Fig. 14. 


the body A, and the water under it, ought not 
to weigh more than if it was all water, and did 
not rife above the ſurface of the water; therefure 
the body A weighs as much as the maſs of wa- 
ter, whoſe place it occupies under the ſurface of 


the water, 


CORO E. ii 


In meaſuring the capacity of that part of a ſhip 
within the water, we find its burden ! For if, for 
example, we find the part of a ſhip which is un- 
der water to be equal to 1000 cublek feet, we 
conclude, that the ſhip, with all its lading, Ce, 
is equal in welght to 1000 cubick feet © 
water, b | 
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PR Of, IX. 
Of ſuſpended Hodel. 
WY WMA J. 


If from any point, as G 
arch BD be deſcribed, and the right 
Fig. 15. lines B D, B A, be drawn, and DP 
fall r upon BA; laſtly, 
it AI be parallel to BD, I ſay, r. That when 
the point F is between the points A and B, BD 
will have a leſs ratio to BF, than B A to Al. 
Demon ſt. The angle BD F being the comple. 
ment of D B FE, will be greater than the angle 
ABI, which together with the angle DBF, 
makes but an acute angle. imagining therefore 
the angle L DB equal to the angle A BI,” and the 
alternate interior angles B A I, A BD, being equal, 
(by 15. 1.) the triangles D BI, B A I, will be 
| fimilarz and conſequently (by 4. 6.) BA: AI:: 
DB: BL; but BD is leſs with regard to BF, 
than to B L, (by 8. 5.) therefore BD is leſs with 
reſpect to. B F, than BA to Al. 


2, If the y_u B fall between the point F, 
Ee. 16, and the point A, B D will have a 
S. 16. greater ratio to B P, than B A to Al. 

. . Demonſfi. The angle B D F being but the 
complement of D B F, or ABL, will be leſs than 
the angle A BI, which, with A BL, makes an 
obtuſe angle; for GB D is acute, (by 16. 3.) 

therefore the reſt will follow, as above. 
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If inflead of h Sh . 1 be drawn, as 
0, and thre the point the arch 
E be deſcribed, and A H drawn pa · Fig. 194 
rallel to BC, I ſky, 1. That when the 
point F falls between the points A and B, BB 
will have a leſt ratio to BP, than BA to A H. 
Draw the line E F. 

Demonſt, Since the alternate angles E BF, 
B AH, are equal, it only A rove, that 
AB H' is leſs than B E F, (by preced. Nr 10 
evident : 8 thro' the ALL point D., 
circle be deſcribed, the point E will be found 
within it, ſince the — BE * is obtuſe, and 
BFD s ond, therefore the angle FE B being 
ſubtended by a greater arch than BD F, will be 
greater, (by 22. 3.) but the angle B DF is greater 
than A B H, becauſe it is the complement of the 
angle A B D, which, with AB H, makes but an 
acute en ; therefore the . B E F will be 
greater than A B H. 


2. If the point B falls between he point A and 
the point F, BE will have a greater 
ratio to B R, than BA to AH, becauſe Fig. 16. 
the angle B EFis leſs than BDF. 

Demonſt. If a circle be deſcribed thro' the 
three points B, D, F, the point E will fall without 
the circle, becauſe the angle B F D is right, and 
the angle BED acute; therefore the angle BEF 
will be leſs than BD F, which being but the 
complement of D B F, will be leſs than ABI. 
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OE 8 
If the weight B is ſuſpended by a chord, one 
end of which, as H, is fix'd, and the 
Hg. 1). other end D, paſſing thro' the pully K, 
ſuſtains the weight D; I ſay, that 
when the weight B, ſhall be to the weight D, as 
the line of direction AB to A L, parallel to the 
line B N, that then the weights ſhall be in equi- 
librium. | - | 
Demonſtrat. As the weight D cannot raiſe the 
weight B, to the point G, (by Ax.) becauſe its 
velocity B G, bears a leſs proportion to the velo- 
city BE, of the weight B, (by Lem. 1,8 2.) than 
the force of the weight B, to. the force of the 
weight D; ſo neither can the weight B, deſcend 
to the point I, (by A.) becauſe the velocity BF, 
of the weight D, bears a greater proportion to the 
velocity B R, of the weight B, than the force of 
the weight B, has to the force of the weight D, 
(by Lem. x. & 2.) and conſequently they will re- 
main in equilibrium, (by Ax. 

If the point H be not fix d, but the chord paſ. 
ſing thro' the pulley ſuſtains the weight C, it will 
All be the ſame thing ; for the weight C will 
only ſerve to ſhorten the chord HB; fo that we 
may conclude, that if the three weights D, B, C, 
ate in equilibrium, the weight B will be to the 
weight D, as BA to A L, and to the weight C, 
as BA to AN, which is ſuppoſed parallel to HL; 
and conſequently the weight D, will be to the 
weight C, as AL to A N , or as the fine of the 
angle A B L., to the fine of the angle ABN. 


Pao? 


1s trip 
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Þ A O FP, X. 
Of Acceliration, 


Acceleration is the augmentation or increaſe of 
motion, cauſed by a continual application of the 


The terms of an arithmetical progreſſion, be- 
ginning with o, are only equal to the half of an 
equal number of terms, each equal to the laſt 
term of the gy rg 3 3 8 

Demonſt. If you take two terms of the pro- 
reſſion, of which the one A, is as far diſtant 
— the laſt C, as the other B, from the firſt o, 
their ſum will be equal but to the laſt term C; 
becauſe the term C, exceeds the term A, juſt as 
the term B, exceeds o: Thus taking all the terms 
of the progreſſion two and two, each ſum will be 
equal to the laſt term C; therefore ſince. the 
number of theſe ſums, will be but half the num- 
ber of the terms, conſequently the ſum of all the 
terms of the progreſſion, will be but half the ſum 
of the ſame number of terms, each equal to the 


1, If the weight A, falling in a free medium 
run thro' the ſpace A B, during the firſt 2 
minute of its fall; during the ſecond, Fig. 18. 
It will run thro? the ſpace BC, which 
8 triple the pace AB, 

5 ” Demonſ?, 
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Domonſd. Experience teaches us, 


teae that gravlt 
continually increaſes the motlon of heavy odio 
in their deſtont towards the center of the earth, 
Thus imagining the firſt minute divided into an 


infinite number of parts, we may conceive the 
motion of the weight A, equally augmented thro 
each of thoſe parts; and that having had no mo- 
tion in the beginning of the minute, during the 
ſecond part of the time, it will have run thro” one 
part of the ſpace A B; then 2 in the third, ; in 
the fourth, Go. We may further conceive, that 
throughout all the parts of the ſecond minute, it 
will have the ſame motion it had at the end of 
the firſt ; and conſequently, if the weight A re. 
ceived no new motion during the ſecond minute, 
it would run thro' a ſpace double the ſpace AB; 
then fince it does acquire a new motion, equal 
to that it got during the firſt minute, it will run 
thro' a ſpace triple to the ſpace A B. 


2. In the ſame manner it may be proved, that 
during the third minute it will run thro' the ſpace 
C D, which is five times the ſpace AB; fom 
| whence we conclude, that the ſpaces run thro' 
will be in a duplicate ratio to the time of the de- 
ſcent, or as their ſquares. 


3. The impreſſion made by one body upon 
another, is more or leſs according to the motion; 
that is to ſay, (according to Def. 3.) with regard 
either to the bulk of the body, or its velocity. 
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an WW If the weight A in its fall firike a body at the 
the I point C, the impreſſion it will there 
ro make upon ſuch body, will be quadru- Fig, 18, 
no- ple what it would have been at the 
the MW point B. Thus the impreſſions made by a body 
king increaſe in a 2 ratio of the time of 
e 


in cheir deſcent, or as the ſpaces they run through. 
at . | | 
* 1 C O R 0 Z. II. a a 2. g 


re- WW If in the room of a dead weight, we ſubſtitute 
ute, Na living power, as a man's hand A, 1 
B; (riking a mallet againſt the wedge B, Fig. 19. 
[ual the ame reaſoning will hold good, that 

run i, the impreſſion of the mallet A on the wedge B, 


will be as the ſpace AB. h 
hat 0 m 


om Wl lt is not altogether the ſame thing with reſpe& _ 

to ſprings, becauſe their force decreaſes in pro- 

de. Wrortion as they approach their natura! 
tuation. Thus the impreſſion made Fig. 20. 
by the ſtring of a bow upon an arrow 

pon WB, will not increaſe as the ſpaces B B. 


* 2 
8 T 


Two bodies equal in every reſpect falling from 
the ſame height, will make the ſame impreſſion 
an the body they ſtrike; or if two unequal bodies 
all from different heights, if the height of the 
irt is to the height of the ſecond, RE — 


. 
the welght of the ſecond to the welght of the 
firſt, thelr impreflons will be likewiſe equal, 


CO RO T. V. 


| \ 
One body ſimply laid upon another, will make 
the ſame impreſſion on it, as would another body 
falling from above, provided the acquired velo- 
city of the one is to the ſimple motion of the 
other, reciprocally as the gravity of the firſt to 
the gravity of the ſecond. But as we know not 
the ſimple motion of heavy bodies, that is to ſiy, 
the motion they would have if they were to de- 
ſcend without acceleration, we can determine no- 


thing upon that point. 


4. If a lever A C, without gravity, were ſo 

| faſten'd at the point A, as that it might 

Fig. 21. turn upon it, and being ſo raiſed as to 
form any angle with the horizontal 

line AB; if then a weight be placed upon any 
point, as D, the lever will fall towards the hori- 
zontal line AB, with leſs velocity, than if the 
ſame weight had been applied at the point C, 
becauſe the 
in both caſes, 


COROLLARY. 


If the weight be placed at the point D, it will 
force as if it were placed at 


not fall with o muc 
the point C; nor will the impreſſion it make 
upon the body upon which it falls be ſo great 


and therefore it is, that the longer the handle of 
hammer is, the greater is the force of the blow. 


PAO 


gravity of the lever will be the ſame 
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the 


„ .. | 
The Application of theſs Principles 10 ſons 
Problems uſeful at Foo fo : 

— 1. With regard #0 Acceleration. 
- Suppoſe the anchor A fix d in the bottom of 
| o tte ſea; to the end of the buoy rope 
not A B, faſten a block B, thro' which Fig. 22. 
av. ere a rope, faſten'd at one end to the * 
* ſern of the boat CD, ſo that the other end 
uo. aſſing thro' the blocks C and D, (fix d in the 

| Go and ſtem of the boat, may be brought 


aboard the ſhip, which is likewiſe ſuppoſed to 
have an anchor out a-ſtern: It will then be eaſy 
to imagine, that when that part of the rope on 
board, is haul'd with due force, the boat will be 
dawn towards the anchor; and as the force of 
hauling is continued, the motion of the boat will 
be augmented ; when therefore the boat comes 
+pique the anchor, not being able to approach it 
nearer, it will draw the anchor with ſuch force 
is to raiſe it; and the cable being recovered, it 
may be brought aboard, 


COROLLARY 


By this means an anchor may be weigh'd, 
vhen by reaſon of the enemies fire, a boat cannot 
be mann'd out with ſafety to recover it; it being 
in this caſe ſufficient only to ſend out a diver to 
ix the block, and rieve the rope, 


} 


>, With 
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2. With reſpect to ſuſhended Bodies, 1 


| | | iſe u 
1. Suppoſe the rope or tack A B, of which the n «A 
yy end A, after paſſing round a block A, when 
Fig. 23. is extended to the power F, which 1s fror 
"7" holds it, and the other end B, paſſingMW,:.. | 
likewiſe thro' the block B, is faſten'd to the clue on t 
of the ſail E : Laying then hold of the rope at p 
the point C, it may be eaſily drawn towards D, 
till the reſiſtance 0 the ſail is to the force of the 
power P, as the ſine of the angle CAD to the 1. 1 
ſine of the angle C D A, (by Prop. 9) withou ſhe ms 
obliging the power F to give way, fince the bloc ach f. 
A, againſt which the rope A B bears hard, being cat th 
immoveable, will not let it run. When therefore goſt 
the power D returns to the point C, the power N beams 
will recover part of the rope A D B, eſpecialii de ſid 
if the power D oppoſes itſelf to the power E, boch 6 
drawing the rope towards A. Thus after ſeveta fle, th 
attempts the tack may be belayed as it ought, | 


2. 
peſſels 
the fid 


2. Suppoſt the cable A B, one end of which ii 
—_ in * —_ ay or 8 
Hg. 24. faſten'd to the anchor oſe ano 
3 ther ſhorter eable B ; Its evident ub 
that theſe two cables belng ſuſpended between the 
two points to which they ate fix'd, the cable A 4 
will bear hardeſt upon both polnts, and alſo wit 
roſpe&t to {tſblf, as belng heavieſt 1» Notwlthyl The 
ſtanding which, the anchor B will ſtraln leſt upollihat 1 
the eable A B, than upon the cable BD 4 and th all 
eable A B will be leſb flubjeRt to break, or pati de for 
as the ſeamen phraſp Ity t. Heeauſe the cable A Mbrougf 


being longer, will form a more concave flgure, (byMhom, t 
Prop, 5.) and great part thereof will reſt __ ha quits | 


[163] 8 
ound near the anchor; upon which therefore it 
will have leſs ſtrain, and particularly will not 
aiſe up its ring, as the cable BD, which renders 
it more liable to break its hold: 2, Becauſe 
chen the ſwell of the ſea raiſes the ſhip's head, 
s from the point A to the point C, or from the 
point D to the point E, its effect is plainly greater 
upon the cable B D, than upon the Mable B A, 


3. With reſpect to Liquors. | 
1. If an unladen ſhip A, be aground in a haven, 
ſhe may eaſily be floated, by placing on | 
ach ſide a lighter or barge, ſo loaden Fig. 25. 
dat their gunnels be brought down al- 
Woot to the ſurface of the water, then fixing 
beams in the ports of the ſhip, let them reſt upon 
the ſides of the lighters, extending quite over on 
both fides, then ligktenin the lighters, as they - 
fiſe, they will lift up the ſhip. 


2. The fame thing may be done with large 
feſels All'd with water, which being faſten'd to 
be fides of the ſhip, the water being pump'd out 

will in like manner raiſe the ſhip, as the veſſel 
begin to float upon the water, | 1 


4. 12 reſpetT 70 Cranes aud Pwllier, 


The uſe of Cranes and Pullles 1s { common 

What I ſhall not need to dwell much upon I:; [ 

hall therefore juſt obſerve, that what obſtrufts 

| i fores * —— the ** 1. — 1 

Wrought a-plque the anchor, not only proc 

( an he "A ance of the unchor Iefvlf Goto | it 
Wilts [ts hold, but alſb from the rubbing of the 


cable 


Ss 
cable in the hawſe. When therefore the anchor', 
hold ſeems too great for the power of the capſton, 

| fix a rope (or meſſenger, as the ſeamen 

Rg. 26. term it) upon ſome part of the cable, 

=; :* .  -m 8, ans having Fronght a large 

| tackle upon it, bring the fall of the tackle to the 
capſton, which then will raiſe the anchor without 
| difficult , not only as the tackle will have. a better 
— and will —_— augment the 
orce, but becauſe the rubbing of the cable in the 
hawſe will likewiſe be thereby prevented. 


mY 


RR M ARA K. 


Sometimes an anchor is ſo fix'd or buried in 
the ground, that nothing is able to raiſe it. In 
ſuch caſe, if the tides are conſiderable, ay let 
the ſhip ride with her cable as much as poſſible 
_ a-pique during the ebb, and then as the ſhip riſes 
Vith the flood, either the anchor is raiſed; or the 
cable breaks, | „„ 35+ ak 


s. With reſpefÞ to Levers, 


- To raiſe a 206 or maſt, as A B, to place it in 
ga ſhip, It is moſt convenient to: faſten 
Fig. 29, the purchaſe at the end A „ if it be 
ſels d by the middle C, the reſiſtance 

will be found twice as great, (b 44 10 and if 
lte be ſelg d about the end B, Which 1s ill farther 
diſtant from the place It Je to be drawn to, a (il 


groater toree muſt be applied. 
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FORTIFICATIONS. 


= V2 0 forti 
condition of being defended by a few 
men, againſt the attack of a much 


a Place, is to put it into a 


17 


| 
"4 


aid down in this TraQ are all con- 
Mrmable with this definition, fo the following 
{xioms may be look d upon as immediate con- 
equences thereof, 


. AX10OM8. 
The Foyer 
tl extnnced 1 pole 
1. They ought to be as uniform as poſtible, 


4: They 6 ought to be {6 contrived as at ene * 
cover the defendants, and di feever the approaches 
vf the enemy, and agapted to the common Wea 
Pons of defence, 


4 They eu ght, as mugh a4, _ to be 7 
cap 61 te alla, hard 10 f oliroy, and not dif: 
Fult to be repaired, 

Fi Rach 


xz reater number. As the ſtveral Rules 


ions of a place ought to be 4 
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. Each part ſhould be defended by as man 


places as may be, and liable to be attack'd fro 
as few places as poſlible, 


DEFINITIONS. 


1. The Rampart is a bank of earth 
Fig. 1, wo the place within the 
walls, as EB E. 


7. In 
he mid 
o be co! 
„ Whil 
ween th 


2. A Baſtion is an advanced Ah of the ram 


part, in form of a Pentagon, as Manual 


that | 
1. The 
z. The 


8, Th 
A. 
Aale 

10 Bl 
he aft! 


3. The Curtain is that part of the rampart 
lying between two baſtions, as B. 


4. The Moat is a large ditch encompaſſing th 
place without the walls, uſually ll'd with Water 
ay H F, H F. 2 f | 


, The Cover Hay F F F, is a paſſage alon 
the border of the ditch oppoſite to the place, an 
is covered with a bank of earth falling flopewayt 
towards the country, till it comes to the level o 
the ground, This {lope is call'd the Glacts, 
G, y G. 5 | | F 7 


6, The Profile of a Fortification, is the ſeion 
made by a plane cutting it from the middle A, 
to the extremity of the glacis K, There art 
commonly two made, one paſſing thro! the mids 
dle of the curtain, the other thro 
the baſtion, 


tho middle 0 The man 


Regul 
jon A ri 


5. In 
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7, In the Profile A R, ſuppoſed to paſs thro' 
he middle of the curtain, there are 
o be conſider d, 1. The Place of arms Fig. 2. 
, which is a ſtreet or void ſpace be- | 


an 


t Slope of the rampart BC, 55 The Rampart 
D. 4. The Bangqret or little ba 
pper ſurface of which E, is call'd the Para pet. 


rar pe, or ſteep bank of the ditch next the town 


hannel of the moat T. 10. The * 
Wt that bank of the ditch oppoſite to the place L. 
Wi. The Cover's Way L. tz, The Paliſade N. 
, The G/acis of the counterſearp M. 


;. oo lines Fg being prolonged to the curtain, 
te call'd „inet of Arfence z and the | 
"gle g Hg, which, they form, Is call'd Fig. r, 

he faking angle, The planes Fg of . 
he baſtion are call'd Its faces; the planes a g its 
uns; and the planes a B, Its elne he 
agle of the faces g F g, Is the /anked angie; the 
angle g a a, Is the Mg & of the flank z the angle 
g E, the angle of the epard of ſhoulder 4 the 
ile a Ba, the ang/e of the gorge 4 the angle BA B, 
he angie of th center. | 


.» Þ A OP, I, 


be manner of layi down pon paper the Plan 
f 4 regular Fortifieation. 


Regular —2— 1 are ſuch as are made 
=—_—_— 
| * 


ween the houſes and the rampart, 2. The Talus 
nk D. 5. The 
. The Stone face or front of the wall V. 9. The 
R. 8. The Moat or ditch RI, 9. The 
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r. Meaſure exactly the circuit of the place off , Te 
be fortified, at about 12 paces diſtant from ties pa 
houſes, and divide the whole circuit by 1 50 gecuit © 
metrical paces at leaſt, or by 180 at moſt, and Me gan 
quotient will give the number of baſtions, in ſidſf che 
manner that their line of defence ſhall not exc), no 
the carriage of a muſquet, Farms, 
part, 
too 
e ſume 
draw 
At tl 
'd wa 
tthe g 


a. Inſerlbe in a circle, a polygon with as mat 
fideo as the place is to have baſtion 
Fig. 3. and from the center A, thro? the ang 
5 B of the polygon, draw lines at pl 
ſure, Which lines are call'd Principals, Afr 
wards take Be equal to + of the fide of the pol 
on, and BD equal to 4, then draw the line: 
Jelepes De, and from each — e, raiſe perpe 
diculare which meeting the lines of defence in i 
oints B. will form the baſtion e E DE e. 
This method ſeeme preferable to all others, 
It is the moſt ſimple, and makes the baſtions ve 
proportioned 1 It avoids forming the flanked « 
gles too acute, or too obtuſt, and gives the fit 
all the extent It is capable of, . 


3. Having thus deſcribed the outward clrei 
of the rampart, draw ſrom the angles of the ſlo 
der E the lines E M, parallel to the faces D! 
which will meet each other in the principal lin 
at the points M, and before the curtains in th 
points G, and f6 will determine the outward cl 

cult of the moat M, M, M, which ought to! 
rounded before the angles D, by an arch deſcribe 
from the point D, having for Its radius the pe 
pendleulars D. 5 


* ity 
align 
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e banq 
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4 To finiſh the _ draw within the place, 
nes parallel to tho 
Wrcuit of the rampart: 1, At the diſtance of + of 


! the demigorge, for the ramparts, 3. At the 


ol bence of 5 paces from the rampart, for the place 


Farms, 4. At the diſtance of 16 foot within the 
mpart, for its talus or flope, 5. At the diſtance 
bot from the parapet, for the banquet, In 
e ſume manner on the outfide of the moat muſk 
drawn lines parallel to its outward elreuit! 
At the diſtance of 4 of the flank, for the co- 


t the glacis, 


align the ſeveral heights : For ſup- 
ing AR to repreſent the level of Fig, 2. 
e plane; take A B, 5 paces, for the | 
Wace of arms BA, and the Promo OC, 
foot, for the talus or flope BC, 

the lower part of the rampart h R, 12 paces, 
eupper part C D to the banquet, g paces 1 
MW banquet & foot z the thickneſs of the lower 
Veer of the parapet DV, 4 paces } 1 the upper 
houtt > paces 4 4 its Inward helght E D & bet; 
D WF outward height B V, 5 foot; the talus of the 


In th the ſearp x y, a paces; depth of the moat 
d e lot be 16 flor the width of its channel T, 
tO foot z the talus of the counterſearp a K, 19 
— jt 4 the banquet of the cover'd way, 5 foot, 
| 


* 


1 RUM ARAI. 


1 1 


e Which form the outward 


e flank, for the parapets, 2. At the diſtance 


Ted way 2. At the diſtance of J of the flank, 


5, It will he eaſy to Jay down the profile, and 


the thickneſh 


lit «wy GR to the moat, [ vot ; and the talus 
the 


{ 170 ] 


. a Wy i 7 


. 
Formerly it was a uſual practice to raiſe at th "0 þ 
foot of the ſcarp a bank of 30 or 40 foot bro 
ſhelter'd with a parapet of 15 toot thick, and 


foot high, which was call'd the fausbraie; but: ſay 
ſuch place is too much expoſed to be of any gre; 

0 , 0 | mann 
ſervice, it is not now uſed, | 

ED - Is. 

As the flanks are the grand defence of Fortif 
cations, they are ſometimes cover'd with an ore 
on, or an epaulement, after different manners. Undel 

ended « 


1. Divide the flank B A equally in the poi, the 
- E, and raiſe the perpendicular E D;3M,a:as 
Fig. 4, the flank; then draw DC parallel. 
the flank, till it meet the face prolong ;, To 
in the point C, ſo ſhall you have the epanlem. mid 
BCDE. But if you would have an cell indet 
from the point F, where the line ED meets Which ſe 
the face, with the diſtance P C, deſctibe the and from 
DC; and from the middle of that arch G, vil ſhoul 
the diſtance G C, deſcribe an atch which vie moat 
form the orelllon BC DE, teuft © 
3 : 2 hickneſs 
2. Mr. Panban's flanks may likewiſe be it lacks, tl 
. nearly Imitated thus; Take BU | Nhe plaes 
Fig. 5, the flank, and from the point C ditch are 
VE equal to B C, In fueh manner be grand 
being money t will meet the flank id ange, general 
the next baſtlon 1 Farther, from the pont 
where the face prolong'd meets with It, with ! 
diſtance EI deſcribe an arch FG, the mide 
As wii 


Ln 
hich H, will give you the center of the arch BC, 
altly, from the point D, the middle of the line 
A, with the diſtance D F, deſcribe the arch 
'K, which will meet the line of defence in the 
int K, and draw K A, which will finiſh the 
ank AKFCBG, 


_ 
| fay nothing of Caſemates, which are now in 
manner out of uſe, 


For, U. 
i Jo lay down Outworks upon paper. 


Under the name of Out worhs is here compre- 
ended every kind of work detached or ſeparated 
om the rampart of the place, advancing farther 
wards the campaign. 5 | 


1. To raiſe a vavelin before the curtain. From 
110: middle of the curtain A, draw | 
u indeterminate perpendicular, upon Fig. 6. 
hich ſet off A E * to the curtain, | 
Wd from the point E draw lines to the angles of 
De ſhoulder, which cutting the outward bank of 
We moat in the points C, will give the outward 
Iteuit of the ravelin EC BCE. As to the 
hickneſs of its parapet, its eover'd way, and Its 
lacis, they take their proportions from thoſe of 
e place itſelf z but the width and depth of the 
Witch are but of half the dimenſions allowed to 
he grand moat of the place, which obſervation 
: general with reſpedt to all forts of outworkss 


I Sd | A, To 


[ m2] 

2. To erect an Halfſemoon before the flank! 
| angle : Take upon the principal lin 
Fig. 7. from the point o, where it cuts the out 
ide of the moat o B, equal to 3 of th 
face; then having drawn from the point E, ling 
to the e angle G, produce the faces P. 


till they cut the bank of the moat in the point 
D, and the lines BG in the point E, and yy 


will have the exterior circuit of the half mooi pon tl 

o DE BE D. aid de 

| | horr 

2, For Horn-works From the middle of Hare tl 

curtain A, draw the perpendicular C 
Fig, 8, equal to the fide of the polygon N 

9, 10. and from the angles of the flank 2. T. 

draw G C parallels, and equal to M B fre 


line A B, they will cut the outward bank of th 
moat in the points ID; then take h! 
Fig. 8, 9. equal to 4 of the curtain, and dun 
OE, which will finiſh the horn-wor 
Or if you like it better, taking OK + of CC 
and CF: of CC, draw the petpendiculars | 
upon the line F F, and they will 
Fig. te. the lines of defence CH in the polil 
0, and {6 will glve the elreult of tl 
horm-work DVYCOHHOCFD, 
Or laitly, from the yon B, drawing the pet 
endieulars BG equal to half the eurtaln, th 
Ines A will eut the outward bank of the not 
of the half-menn In the polnts D then havin 
coken 1 O, and BR, 4 of CO and having drav 
rhe lines O R, trom the middle of them , (na 
60, und you well have the outward circult of 
{wallow's tail CDGOGDC, 


To de 
plied 
gat the 
mahle 

eelall: 
Yolded, 


1 It! 
0 lines 
aufe t 
proagh 
in ſec] 


Fe 


4 
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4. For Crown-works: 1. From the angle of 
the polygon A, upon the principal line 

ake A B, equal to + the fide of the po- Hg. 11. 
* hWygon ; then making B C on both ſides 

qual, and parallel to the ſides of the polygon, 
iraw from tae angles of the flank E the lines E C, 
hich will cut the outward bank of the moat in 
ne points D. Farther, make two demi-baſtions 
pon the lines, on each fide one, after the manner 
aid down in the ſecond manner of deſcribing 
horn-work, (vide Fig. 9.) and you will 
ave the exterior circuit of the crown-work 


WGHHGBGCGHHGCD, 


N 
. The ſame thing may be done in drawing 
h from the middle of the curtain, | 


d making the angle CBC equal to Fig. r2, 


eangle of the polygon, 


PR O p. III. 
The Demonſtration of the foregoing Re 


To demonſtrate the foregoing rules, let them be 
Wþlied to ſeveral polygons, and It will appear 
ut they will always produce Fortifleations eons 
able to the axioms at fleft lald down, more 
eelally the following faults will conſtantly be 
folded. | | | 
!, It ly a great miſtake In Fert|fleatlons, when 
0 lines of defence AB, are too long, 

cauſe the enemy may then with 9670 Ng. 13. 
proach the point B, where they will 


in ſecurity at leaſt from musket-ſhot, till they 
| KH | | have 


=> . 
have time to ſhelter themſelves. Now by the 
foregoing rules, the greateſt length of the ſaid line 
of defence is but 189 paces, . 


2. When the flanked angle ABC is too acute, 
| the enemy's cannon will eaſily make 
Hg. 14. breach for the point D being on 
| ſuſtaind by the {mall thickneſs D; 
the ball will quickly ſhake it; whereas in | 
baſtion leſs acute, as A BF, the point D is ſu ſtain 
with the whole thickneſs D G, Our methy 
therefore gives the flank'd angle as little acute uf 
poſſible, nay, very often obtufe. 


3. It is true, the flank'd angle ought not to . 

ſo obtuſe, as to make the baſtion tx 
Ng. 15, ſtrait, as A O; but in other reſje 
74 they are the more ſubſtantial, and be 
ter, provided the ſaid inconvenience be avoidet 
as we have dote in fixing the length of the cp 


4. The main defence being in the flanks, th 
| Otigght not to be too ſhorty one method mak; 
them longer than commonly they are laid dow! 
exeept in the ſquare, where large flanks woll 
render the flank'd angle too acute, 


5. It is true, our method excludes ſecond flank 

| AB, ſo much recommended by for 
Fig, 16, Dutch Engineers, that the face of i 
baſtion CN may not only be defend: 1 

by the fire from the flank HC, but likewiſe fro AD * 
the ſecond flank A B, Nevertheleſs, it wy 3 
to me that the defence from the ſecond flan of deff 


where the guns muſt be pointed ſlopewiſe ove! 
Om e vet 


* 
rery thick parapet, cannot be very conſiderable; 
and I ſhould rather chuſe to enlarge the flank 
3 C, by the length CE, than to have recourſe to 
ſecond flank A B. | | | 


1ake 4 r. IV. 

| 51 Sone other Methods. 
Inq I. „ . 
ſtaln 


gome Engineers (as De —_ divide the ſide 

A of the oy into 6 que parts, 

and make the ge e A B one of Fig, 17. 

thoſe parts, as alſo the flank BC; then 

for places Which have leſs than d baſtlons, they 

raw the line of defence D C E, which 

gives the flank'd angle CDC, For Fig. 18, 

other places they deſcribe a ſemicircle 

upon the line CC, which cutting the principal 

in the polnt TD, gives the flank'd angle G C. 

This method, in my opinion, makes the baſtion 

too ſmall, nor can 1 {te Why they ſhould prefer 
Acht angles to obtuſe ones, unleſs It be for the 

„eke of a ſecond flank, which I have belore ob- 

ved to be of little advantage. 


IL: 
Others (as Pagan) begin with the exterior 
Wide of the polygon A A, which they _ 
divide equally n the point By then Hg. 19. 
Fthey draw the perpendicular B C, which . 


uf 5 30 fathoms, and from the point I, they 


Jof defence EA; and laſtly, they draw the cur- 
L 4 tain 


they extend to 3e fathoms, and after having 
drawn the indeterminate lines A CE, they ſet o 


draw the flanks D E perpendicular upon the lines 


70 


j 
q 
Fl 
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tain EF. They think, that the flanks being per. 
pend cular upon the lines of defence, they are mof 
advantageouſly placed, their fire being thereby 
render'd more large, and more direct: Neverthe. 
leſs, I cannot prefer theſe ſort of flanks to thoſe 
commonly uſed, becauſe they are more expoſed ty 
the enemies batteries, without any poſibility 0 
mer. ( 

III. 


There are ſome Engineers who give 4 of tle 
ſide of the polygon to the demigorge; but by thi 
means the tlank, and conſequently the defence, 
becomes much leſſen'd: However, I do not reid 


this manner in polygons above a decagon. 


LY. - 
Others, to make amends for what is _ 
in flank by the foregoing method, 

Fig, 20. make a flank in the middle of the 
face, and ſometimes two; but the fact 

Fig. 21. is thereby rendet'd much the weaker, 


it: 
out I 
comp 
liues, 
affore 
ward: 


I, 
tiplyi 
1003 
figure 
figure 
form | 


5 
know 
in the 
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the tu 
ſay, 0 
to the 
to the 


There ate alſo ſome who would have the 
X baſtlons detach'd from the place, and 
Fig. 22, ſeparated by a ditch, the more eaſily 
„ to obſtruct the progreſs of the enen) 
after he has taken the baſtion, 


Others are for making the baſtions of the plac 
extreamly ſmall, and then ſurrounding 
Fig. 23. them with other detach'd baſtion 

which ought nevertheleſs to be com 
manded by the firſt, 


A 
5.0 


know) 
which 
the ſic 
DE F 
means 
18 + t 
bas! BE, 


(mJ. 


per. | 

moſt | - P R O p. * | 

ereby „ | | 

_ To compute or calculate Fortifications, 
10{e | | 


ed ol It is of great importance, after having traced 

ny out Portifications upon paper, to bring them to a 
computation, that is, to find the length of all the 
liues, and the value of all the angles, which will 
afford much help to the laying them down after- 

the wards upon the ground, — 


tence. r. For the greater exactneſs, we begin by mul. 
rec tiplying the ſide DD of the polygon by 5 
100; then cutting off the two laſt Fg. 24. 
figures of every number found, the two ; 
fvures ſo cut off with the denominator too, will 
form a fraction, | 


2. In the triangle ADD the angle A ay be 
known, by dividing 360 by the number of ſides 
der. Win the polygon ; then dividing the ſupplement of 
the angle A into two equal parts, you will find 
the two an»les D, which are equal; after which 
> the ſay, (by 77/6 13.) As the fie of the angle A 
» and: the fide 1) D f fo is the fine of the ang eD; 
eafil Wt the radius A D, 


, In the tiangle D E B, the angle D being 


Ikoown, (by the preceding) as alſo the fide BE, 


which is z of the fide D D, (by Conſtruct) and 


PlaFthe fide B B, which is of it, the whole triangle 


„ding D E B may be reſolved, (by Trig. 14.) . which 
HOME means wil be found both the angle B, which 
com is 2 the flanked angle, and the line of deferce 
i BE, as alſo the angle = 

41.5 


4. In 


178 J 


4. In the triangle EC E, rectangular at the 
oint B of the line CE, (by Conſtruct.) the ſide 
E being known to be of D D, and the angle 
E to be right; 8 may reſolve the triangle E CE 
(by 777g. 12.) by which you will know the flank 
C E and the line C E oppoſite to the right angle 
which being ſubſtracted from the line B E, will 
ive the face BC: You will likewiſe by the 
ame means know the angle of the ſhoulder E CB, 


5, The foregoing rules may alſo be eaſily ap 
plied to outworks. The following calculation is 
an example of an heptagon, whoſe fide is ſuppoſed 
equal to 170 fathoms, 


The computation of an Heptagon, 


Lines. Fathoms | Angles, Deg, Min 
Angle of | 
Inward fide — 170 1 my „ 

Radius —— 196 Augle of the 
Demigorge — 34 Polygon, or 1 34 
Curtain —— 1c2 | The flanked 0 93 30 
Line of defence — 168 OT. | 
—— - — angle 3 145 7 
_- Then oof © 
Outward fide — 218 | the flank $29) #8 
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| Ro» VI. 
75 trace out irregular Fortifications upon n per. 


Irregular Tormnmons are ſuch -as are raiſed 
about irregular + ugh But in theſe irregular 
works, we mult follow, as much as poſlible, the 
proportions laid down for the regular ones, 


der. I. 
Of irregular Baſtions, 


oe . As Baſtions ought to be ſo built that their 
cannon may ſweep the ſurface of the circumjucent 
nog if they are tound too high for that 
mis e, let a ſecond buſtion be added | 
eneath the firſt, or even a third, if it Hg. 25, 
is neceſſiry, (till taking care that their 
Min faces be well defended, But it a baſtion is too 
| low, raiſe a cavalier upon it. A cavalier is a 
5 mass of earth, well beat, of about 26 fathoms ra- 
adius, whoſe center is commonly placed in that 
N Point of the baſtion, where the delences meet; 
"Wit is commonly made two fathoms high, and with 
a talus of ) foot; it ought alſo ro have a parapet 
6M of 3 paces broad, and 6 foot high; it may be 
made of any figure, but moſt commonly is torm'd 
2 as the baſtion, | 


It will ſometimes happen, that the faces of a 

25 baſtion would become exceſſive long 
if they were to be extended till they Fe. :6.. 
meet, in ſuch caſe they are ufually © © 


cloſed with a returning angle, the ma or- 


2; iifying which ſhall be hereafter laid down. 
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3. Ik one ſide of the polygon, as A h, 
too long, jt ny be remedied ſeveral 
yy 1. If it be long enou h to admit 
Fig. 28. a baſtion in the middle, let one be 

_ raiſed, as C. 2. If it is not long enough 
to admit ſuch baſtion, it will be proper to form a 
ſalliant angle, as AC B. z. Or the 
baſtions on each ſide may be advanced 
nearer each other, and both intirely 
form'd upon the line A B. | 


Fig. 29. 


62 c r. II. 
Of returning Angles, 


They ought to be avoided as much as poſſible, 
but if the ground obliges you to have recourſe to 
them, they may be fortified after one or other of 
ng methods, 


1, Suppoſe the returning angle DC D, which 
s not obtuſe; take CE and CE, each 
of 8 or 10 paces, and having drawn 


Fig. 40, 
the perpendiculars E F of the ſame 


length with the lines F G, you will have the 


exterior circuit of the tenail work 
DPEFGCGFE D; to which may 


be added an oreillion, 


Fig. 31, 


| 2. Inſtead of the faces GC, may be 
Fig. 31, drawn GG: Or from the point C 


with the diſtance C E, deſcribe the 
arch EG GE, in order to raiſe a work 


Hg. 32. 
of ſtrength. 


3. If 


( 181 } 


B, 3. If the angle DCD is odtuſe, take CG of 
al W 2; fathoms, and of the ſame length _ 
ut WM draw the „ N CH, ſo ſhall Hg. zz. 
be Ml the line H finiſh the outward circuit 

oh WW of the platform DGHHGD. There may be 


a Wl alſo added oreillions or epaulements upon the 
he W flanks G H. 


Of Redans, 


When a long extended fide of a place cannot | 
admit of baſtions, by reaſon it is cut off by a river | 
or ſtands upon a ſteep aſcent, it may be fortified 
with Redans, Suppoſe, for —_— 
the ſide of a place A B; divide it into Hg. 34. 
parts of 40 paces or ſathoms each in the 
points Cz then draw the perpendiculars OD of 
4.0r 5 paces, and the oblique lines CD will finiſh 
the exterior. circuit of the redans ADCDCDB, 
to which may likewiſe be added oreillions, 


820 r. IV, , 
O Triangles, 


There is ſeldom any occaſion of 
fortifying Triangles 3 however, the Fig. 35. 
iy be beſt way of doing it, is with baſtions T5 
it C, vith returning angles. AE, 


S E C Te 
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SKCT 1 wil 
5 B/ 
Of Citadels. doi 


1. The Fortifications of Citadels are of leſs ex. 
tent than thoſe of the towns themſelves, the fide 
of their polygon ſeldom exceeding 80 geometrici} 


paces, | a 
2. They ought intirely to command the places ner, 
they are intended to defend; ſo that the place wor 


its ſelf ſhould lie open on the ſide next the 
eitadel. | 


SECT. VI. 
Of Stonces, 


Sconces are little forts, which ſerve to defend 
camps, the lines in a ſiege, batteries, bridges, Cc. 


1. Redoubts are ſquare works, one angle of 
* Which points towards the enemy; they ought to 

be about 40 paces in circumference z their rampart 
16 foot thick at bottom; their talus and thei 
height 5 foot; their parapet 5 foot high, and 
8 thick; the whole ought to be compos'd of FU. 
earth well ram'd, and faſcines, their ditch ſhould . 
be 18 foot wide, and 6 deep. „ way 


2. Star Forts are thus made; | ſuppoſe the 

7 radius of the polygon AA to be 110 ot 
Fig. 36. 115 paces, divide each ſide by the 
perpendiculars B C, then making BY 

one third of BC, draw the lines A D, and 5 
3 W. 


ex- 
1de 
ical 


ces 
ace 


the 
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will have the exterior circuit of the little fort 
BAD, for the reſt is much the ſame as in re- 


er. vir 
old Places, Caſtles, Bridges and Camps. 


1. As to places fortified aſter the antient man- 
ner, all that can be done, is to add ſome out- 


works, as ravelins and horn-works before the 


towers and the courtains. 


2. Caſtles are encompaſs'd with a moat and 
a fausbras of earth well beat, with a kind of 


baſtions, whoſe magnitude muſt be determin'd by 


that of the caſtle, 


3. Camps are alſo fortified with ditches, the 
earth thrown out of which ſerving to make a 
kind of _— with a parapet circumſcribin 
the camp, and caſt up in ſuch a figure as may be 
defend the ſeveral parts of the rampart ; redqubts, 
and ravelins, Cc. arc alſo commonly added, 


4. Bridges are fortified with ravelins, and 
crown-works, extending from each fide to the 


river, In one word, all other poſts which are to 
be fortified with expedition, muſt be ſecured with 
ſuch kind of = wi care being always taken. 
that every fide be well defended, 
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/ Marine Fortifications. 


peculiar in them, yet it may not be improper to 
give — following directions with relation to 
batterles. N 


In raiſing batteries to hinder a deſcent, care 
ſhould be taken to diſpoſe them in ſuch f lacy 
Where the deſcent is molt eaſy, as in places where 
the ſea has a clear bottom, the road large and 
Cafe, and the ſhoar not {tvep, the guns upon theſs 

batteries ſhould be fy level'd as to ſeour the fut. 
face of the water, and brought as near as poſſible 
to the edge of the flow, that they may fire 
effeQually upon the fall boats av they approachy 

et ought the battery to be ſo elevated, as to 
diſcover the enemy at a diſtance, 


: II. ; 195 
It is likewiſe convenient to have batteries to 
play upon ſuch places where there is good an. 
chorage, and theſe batteries ſhould be ſomewhat 
more elevated, becauſe a cannon which commands 
the deck of a veſlel, is more terrible to the crew; 
and beſides, a bullet which enters a ſhip from 
above downwards, puts her into the greatell 
danger of ſinking. | 


. 5 

It is alſo neceſſary to erect batteries at the 
ontranse of roads; but they muſt be ſo made, 
| Os as 


Though Marine Fortifications have nothing 
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as to diſcover ſhips at a great diſtance, ſome of 
their guns ought to be yery much elevated ; but 
at the ſame time they ſhould have others rals'd 
only 12 or 15 foot above the level of the ground, 
to fire upon ſhips as they approach the ſhoar. 


It is of the utmoſt importance, to plant batteries 
which may command the anchorage of roads and 
orts, to the end that the enemies ſhips, aſter 
aving paſs'd the fire of the entry, may not re- 
main in ſafety, Upon extraordinary occaſions 
they ſometimes fink ſhips in the middle of roads, 


and raiſe ſeveral batteries at . dlſtanees. 


The ſame thing may be done at the entry of roads, 


| V. 

It is very _— that theſe ſorts of batteries 
ſhould be defended by ſome works 2 attacks, 
and ſhould, if poſfible, be under the fire of the 
— at leaſt they ought not to be too far ad- 
vanc'd, 

REMARK, 


| fay nothing of the manner of beſieging or 
defending a place, or of the drawing up an army, 


theſe being things which depend more on ex- 


perience and good ſenſe, than on mathematicks. 


. - „ vl 


To trace out Fortifications upon the Ground, 


r. Having exactly conſider d all the parts of the 
plan, mark the point where you ought to begin, 


= 


by there fixing a piquet. 


+1 
J 
g 
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2. If the determin'd point be the center of the 
: olygon A, extend the cord A B to the 
Fig. 37. — preſerib'd in the plan, give alſo 75 


to the ſides BB, their proper length, 
and that will determine the angles and form the 


polygon, | lines 


z. If the determin'd point B is the angle of 8 
the polygon, ſrom the point B extend the cord in 
BF, { that the line B F may tend dite&tly to the I !; 


eenter of the polygon, then extending the cord WF obe 
BB to the length len for the fide of the 
polygon, by the help of your inſtrument, ſet of he 
the angle FBB as the plan directs ; in the fame 
manner muſt be lald down the fide BG of the 
alygen according te Its requir'd length, and 
Toetting off the angle F BG as before, Ce. If In 
proceeding thus with each fide of the polygon, 

the laſt cloſes the figure, the operation 1s right; 

but it it does not cloſe, you may eaſily correc} 
the deficiency, 


4. The polygon being thus traced out, ſet vff 
the demigorges B C, and the capital lines B, 
and having drawn the perpendicular C E for the 
flanks, take notice if the points D, E, C, are in 
the ſame line, which wil ſerve to correct any 
error that may have happen'd; thus will the 
baſtions CE D E C be exactly traced out. 


5. Purſuing the ſame method, you will eaſily 
accompliſh the whole plan, ſtill _ your ſelf 
with the principal lines and perpendiculars drawn 
by the middle of the courtain. i 


PR O. 


teal lines A B of füch 
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P R Oo r. IX. 
70 fut your Plan in Perſpeftive Orthographically, 


1. Having laid down your plan with all the 
lines which ought to mark the thick- 
neſs, draw from each gle A the ver- Ng. 39. 

ength as each | 

point A ought to appear rals'd above the level of 
the ground, then drawing the lines BB, and 
obſerving all the lines A B and B B, which ought 
to appear, that is to ſay, which are not loft in any 
thickneſs, or hid behind any bedy, {6 will your 
plan appear rals'd, e ' 


2. If you would expreſs the talus, take the 
vertical lines BC of the length of the talus's 
helght, and draw the line C D of the length of 
the talus, and from the moſt canvenlent fide, and 


the lines B D ſhall expreſs the talus, 


3. To finiſh the perſpective, we muſt ſuppoſe 


the light to come from one fide, and leaving the | 


faces -oppoſite thereto without ſhade, give a 
greater or leſſer ſhadowing to the other faces, 


according as they more or leſs are diſtant from 


the ſide whereon the light directly falls. 
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N 9 7 is not the ine, of this act to offer 
« every thing neceſſary to be known con- 
| Cerning Artillery; out only ſich things 
in that Art, as have a more particular 
PB) on the Mathematicks, 


DEFINITIONS, 


1. Suppoſe a cannon and its profile to be 
AB, its cavity or chaſe will be B I, 
Fig, 1. its mouth or muzzle B, its breech or 
coyle A, its platband E. its vent or 
wuch hole L., its firſt — its ſecond 
reinforcement P, its trunnions G, its dolphins H, 
ts vacant cylinder G B, its aſtragal D, its neck 
C its face CB, 


2. The calibre or bore of a cannon, is the A 
ler of its mouth with —_ to the ball or i 
du let it may receive. 0 


3. Cannons are | diſtinguiſhed with regard to: i | 
their length and bore, into three kinds, vis. a 
Cannon, a Culverine, and a Baſtard Cannon, 


© 
+ | s 
— * 
1 45 N 
ö | 
: "YL 
- * A 


Th h 1 bor 

The cannon hasa length proportioned to its bore 
the eulvertine has the umb aan but its bore | ſeld 
but of half the diameter of the bore of the cannon 
the baſtard cannon has alſo the ſame length, but 
the diameter of its bore is a mean between that 
a cannon and a culvering 


4 The faulcon and faulconet, are ſmall cannon, 1194! 
tho flrſt carrying balls but of 10 pounds, the 
other but of 3. b 


Note, For ſca. ſervlce, they uſe cannons © 
. different bores, that is, carrying balls of differen 
weights, vis. 4, 6, 8, 12, 18, 24 and 36 pounderg, 
becauſe culverines would be too troubleſome upo 
the decks of ſhips, “ 


5. Cannons are again diſtinguiſhed with reſpe} 
to the richneſs or thickneſs of their metal, inte 
three kinds, vis. the Double fortified, the Legiti 
mate, and the Lefſened : The double fortified han 
above nine times the diameter of its mouth, i 
the outward circumference of its breech ; the 
legitimate has preciſely nine times, and the leſſened 

leis than nine times. | 5 


6. The carriage of a cannon ſerves to ſupport 
it; to turn it to the right and left, and to raiſ 
or depreſs it. The carriages uſed in 

ſhips are very fit for all theſe pu des, Fg. | 
as Fig. A, of which the wheels are 11 


* The Cannon us'd by the Engliſh in their Sea-ſervicc oak ie 
are of the following calibres, that is, carry balls of th be” 
following weights, viz. 1 4, 3, 6, 9, 12, 18 and 1 . 
pounds. 4 


'4*Feldon T 


K 21 


bre dom more than 8 Inches radius ; B repreſents = 


non! the hind wheels, C the fore wheels, D the bottom 
bo of the carriage, A the fides or brackotts, B the 
mr OL for the trunnlons, F the axeltrees of the 

wheels, O the holes for the laſhing faſt or ſdeurlng 
che piece, In the land ſervice, they are obliged to 
mount thelr cannon upon carriages, better adapted 
for drawing them, having wheels of two or chree 


t bot radius, ne Fig. H. 

ye: The general laws of motion are here ſuppoſed, 

upon che chief of which are laid down in the beginning 

POO of the tract relating to the working of a ſhip, 
and ſome others are here annexed, 

* 1. A body in motion cannot communicate more 

81 of motion than is in its ſelf, 

1 FE There are but two ways that motion can be 


due deſtroy'd; 1, When the moving bony mw 
with an obſtacle it cannot overcome. 2. When it 

receives a new movement contrary to its former 

direction. When motion is deſtroy d by an ob- 
ſtacle it cannot overcome, it is intirely deſtroy'd 
Nat once; but when it is overcome by a contrary 
movement, it is only deſtroy'd in proportion to 
the quantity of ſuch contrary motion. | 


2. When one body in motion meets another, it 
] communicates to it, if it can, a force neceſſary to 
* it in motion with an equal velocity with ite 
el 3 | 


* 8 | ; 4. When 


© 


L 192 J 3 


When one body in motion meets another I“ : 
body, it receives from it a contrary movement 
equal to that it communicates, | | . 
FJ. When a N body has two contrary and 
equal motions, if it is entirely at liberty to moe. |< 


its ſelf by their directions, the two ſevera| 
motions will deſtroy each other, and the body 
will remain immoveable ; but if the body cannot 
obey the direction of the one, that motion will 
be deſtroy'd, and the other will remain intire. 


K a — body has two contrary and 
equal motions, and being at liberty to follow the 
direction of the one in its full — is not at 
liberty to move according to the direction of the 
other, but with a part of its velocity, this ſecond 
motion will deſtroy a part of the other, in pro- 
ortion to its own velocity, and will its felt be 
intirely deſtroy'd, | 


1 6 


| 
| 
| 


9 | 


Note, The foregoing laws of motion demon- 
ſtrate themſelves by continual experience. 


"Hh P R O r. I, 
T he Proportions of the ſeveral Parts of a Cannot. 


- f 6 © 10 mM8s of Braſs Cannes. 


| - Diameter of the outward 


The Proportion of the Parts of a Cannon de: 
end upon ſo many circumſtances, that experience 
erves much better to determine them, than any 
ſtated rules: So that I ſhall content myſelf with 
iving the following Tables, wherein I have in- 
erted only the proportions of ſuch pieces, whoſe 
calibres are common both to the French and 
Engliſh uſage. 


P Ro- 


- 


[ 
[5 


*agrn gf dug puy one 201 02 2 9104 UOWno? 2 
2 Jod tour?) * $2291q yonp 4juo su L qu ur papnaur aarij I'S N 


III at 


8 


— 


rm (JUN; 


02 L qrofr O 
aq uo YISUgT rt 


Lell 92 
30 Joe 


I bile £1 

8 81ſt Þ1 

7 1115 71 

4 11 6 

T ATI 

e 
Anda 


| Payano aq 90 — 


None 


*$22971227 g % $NoT ki 1 4 


o = 3 


1 292 22 faq 


[ 194] 


o 


4014 | 


-X(] q 4q paynſpe e 4aqz sn 


0 qi jo uoguou 
n aouy aer 
rag Jo $y01140d01q q Jo qu IL 23 penido AAary | C N 5 


T 6 . VVV 
| | 
5 8 „ BY „ 2 
. | 2 
| 6 L | 6 OI L 8 1M „ $1 9 | 
8101 200 m_—_— | S2y2u] | ur r JIA sur! — spunoꝗ 
| *SUOJUUNI I, | 405049 rOο⁰ n 
[5420057 No 0{ 243 a t n Jo 233mg | jo a2zamrig | 22qHTe1 


gun ug Jo s NO Y AOAOAA 


— 


PRO r. 


EL V e // rr 
. 5 


LS 
PM O p. II, 


Of the Cavity or Chaſe of a Cannon, 


The Chaſe of a Cannon ought to be exactly 
1 the middle, it ought to be equal throughout, 
id without creviſes or honey-combs. 5 
1. Whether the chaſe be perfectly in the 
middle, may be tried by a cylinder of woo 
B C, whoſe part A B is equal to the 5 
wvity of the cannon, and the part BC Fg. z. 
ual to its outward circumference, 85 
et the cylinder A B be put into the cannon, and 
plying a rule all round upon the lines B C paral- 
| to the axis of the cylinder, you will ſee if it 
zactly agrees with the outſide of the cannon, 


2. Whether the chaſe be equal throughout may 
known, by applying rulers to its inward fides 5 
r if the rulers are parallel, tis a figa the inwar 

des of the cavity are ſo likewiſe, and conſe- 
ently that it is equal throughout, This equality 
the cavity does not exclude thawhamber which 
ay be made at the bottom of the cannon, as 


- 


ill be mention'd hereafter. 


z. To know if a cannon has creviſes or honey- 


Pnbs, after having fired it twice or three times 


th double charges, they uſe a ſort of rammer 
'd with flexible points, which cloſing towards 
e rammer in thruſting it into the 


Finon, extend themſelves, and enter- Fig. 4. 


g into the creviſes remain there upon 

orible drawing it _ e f way of try- 

5 is by applying a looking-glaſs A, , 

the — of the cannon, which Fig. 5 
: 2 Wi 


and ball. 2. To the paralleliſm of the fight and 


„ ſs 
will repreſent very plainly, the oppoſite fide B C, I equz 
and ſucceſſively all the reſt, by changing the poſi. axis 


tion of the cannon, and conſequently the creviſes, gran 


if there be any, will appear. | have 
-. Paor. WM 2 
Of the Outſide of a Cannon. by 


With reſpect to the outſide of a Cannon, re-. be a 
gard muſt be had, 1. To the force of the powder be ec 


the chaſe. 3. To its beauty and conveniency of 
movement, 


1. A carnon muſt be thickeſt towards the 

breech, becauſe the force of the powder is there 
reateſt, nevertheleſs its mouth muſt be alſo In 
{trengthened with rings, leſt the bullet in going pe 
out ſhould ſplit the edges, not being of the ſame f Havin, 
thickneſs of metal. - peut 
e de 


2. That the greater thickneſs of metal at theffurfoc 


breech than at t outh of the cannon, ſhouldi ferenc. 


not hinder the fight or aim, by preventing its angles 
paralleliſm with the chaſe or cavity, a button or nob i radius 
ſhould be rais'd upon the upper part of the muzzle WB A I 

| with 


The other parts of the outſide of a cannon DP ps 


ſerve either to its ornament, as the carving, theſſÞpendic 
devices, and inſcriptions ; or to its movement, a draw! 
the dolphins and the trunnions. 


| 1 De, 

25 ü L E. M M A I. | oppoſit 
Suppoſe the rectangular cylinder A B (by 19 
het: baſes A, B, are circles, I ſay Fig. 6. the tria 


that all the ſurfaces of the cylinder 


parallel 


B C, 
voſt- 
/11es, 


aw} 
parallel to the baſe A, as C, will alſo be circles 
equal to the ſame baſe A, Imagine A B the 


axis of the cylinder, and the rectangle parallelo- 3 


oram AB D E, in turning about the axis A B, to 

have form'd the cylinder. EE 
Demonſt. Since the ſurfaces A and C are paral- 

el, the ſections CF, A E, will be alſo parallel, 


(by 16. Tr. of Ec.) and the figure ACFE will 


allel 


be a parallelogram, whoſe ſides A E, CF will 
be equal; in the ſame manner it may be ſhewn, 
that the other radii of the circle A, are equal to 
the radii of the circle C, which anſwer to them, 
and conſequently the circles A and GC are equal. 


n K II. 

In the rectangular cylinder E, _ 
E a circle parallel to the baſe E, Fig. 5. 
aving for its center B ; if from the 
_ A of the circumference of the ſaid circle. B, 
xe deſcrib'd a kind of a circle, upon the concave 
ſurface of the cylinder ; it will cut the circum- 
ference of the circie B in the point C, and the 
angles BA C, which the radii A C make with the 
radius A B, will be leſs than any other angle, as 
B A D, which another radius A D would form 
with the ſame radius AB, Suppoſe the line 
DF parallel to the axis of the cylinder, and per- 
pendicular upon the plain of the circle B, then 
draw BF, B C, B D. 


Demonſt. In the triangle BF D, the line B D 
oppofite to the right angle B F D, will be greater 
(by 19. 1. Euc.) than BF, or BC; and fince in 
the triangles BA C, BAD, the fides BA, AD 

WW - are 


L198 
are equal to the ſides BA, AC, the baſe BD 
which is greater than BC (by 18, 1. Euc.) will 2. 


make the angle B A D greater than B A C. B, © 
. = they 

| L R M M A III. cann 
Suppoſing, as in the foregoing, a plain to pa 8 

oh the point D, and the line AB; the ling hs 
DD will be greater than C C. poin 


Demonſt. In the triangles DAD, C ACE the f 
which have the fides AD, AC equal, thi 
angle DAD, which is greater than CAC (b) 


the prec.) will make the line DD greater thay D E, 
CC (by 19. 1. Euc.) trian; 
will 


COROLLART.: hou 


- by 4 

If the line CC is the leaſt of thoſe, whic (by 

_ paſſing through the line AB, are determined b 4 
the circumference of the circle A, the triangl foren 
CAC is inſcribed in a circle equal to the bal tne p 
E of the rectangular cylinder. . cannc 
„ O r. IV. an 
_ : | meter 
Of the Calibre, or Bore of a Cannon. b 
1. The Calibre or Bore of a Cannon, is know WV. 
by the diameter of its mouth, the cube of which 4:..: 4 
in compariſon with the diameter of a ball of on ing ſe 
pound, gives the calibre of the cannon. Thu (vide 


when the diameter of the mouth of a cannon i 
double to that of one pound, the cannon will be 


an eight pounder; if triple, a 27 pounder; 
quadruple, a 64 pounder, Oc. 14 | 
328 g | 2. 1 
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2. To find the calibre of the cannon 
B, open the compaſſes A as wide as 
they will ſtand in the mouth of the 
cannon B. | 


Pg. 8, 


3. But if it be required to find the calibre from 
the part A of a cannon ; from ſome 
point A, deſcribe a kind of a circle, 
upon the concave ſurface A, and taking 
the ſhorteſt diameter BC, by extending the com- 
paſſes croſsways, as in the figure; then upon the 
line E F, equal to B C, form a triangle with ſides 
DE, D F, equal to the radii AB, AC; this 
triangle being inſcribed within a circle E DFG, 
will give D G the diameter of a circle equal to 
the mouth of the cannon, of which A is a piece, 
(by Lem. 3.) ſ 


Pg 


4. It would be convenient to havea rule as A B, 
for meaſuring the calibre of cannon, of which 
the part AC being the diameter of a 
cannon of one pound; AD will be Fg. ro. 
the diameter of one of 4, and AE of | 
one of 8 pounds ; ſo that by applying the dia- 
meter of a cannon to the rule, you will at once 
ſe its calibre, TERS 


Note, The rule for meafuring the calibre, is 
divided in the ſame manner as the rule for meaſur-. 
ing ſolids on the Sector, or Compaſs of proportion, 
(vide Appendix) 


P R o r. 
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PA Or. V. 
Of the Bullet. 


A Bullet is commonly made of a ſolid globe of 
iron. | ps is | 


I, It is made of a ſpherical figure, as the moſt 
proper to receive, keep and communicate motion, 


2. It is made of iron, as being a metal of ſuf- 
ficient hardneſs and weight, and of which there 
is a ſufficient plenty, 


3. It is made ſolid, becauſe a hollow bullet 
would be liable to the ſame reſiſtance from the 
air, and the body it ſtrikes ; but would want the 
torce which ſolidity gives it, 


PA. VI. 
U the Calibre of the Bullet. 


1. The Calibre of a Bullet, is in the ſame man. 
ner known by its diameter taken between the 
points of a pair of Callipers, or curve-leg'd com- 
paſſes, the cube of which diameter, with reſped 
to one of the weight of one pound, gives it 


calibre, and the proportion is the ſame in bullets 


as in cannons z only it ought to be obſerved, that 
the diameter of a bullet ought to be leſs by two 
lines, than the diameter of a cannon of the ſame 
calibre, that ſo it may enter eaſily. 


2, On 


4. 
we he 


a8 A 
ſurfac 
meter 
upon 


triang 


to thi 


e of 


noſt 
on. 


ſuf— 
here 


1let 
the 


the 


triangle, whoſe two 
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2. On the other hand, we know the diameter 


of a bullet by its weight, or calibre; for the 
cube root of its weight gives exactly its diameter. 


3. This ſhews a new way of dividing a rule 
for taking the calibre. For let A B re- 
preſent a rule, of which the part A C is Fig. 10. 
the diameter of a bullet of one pound — _ - 
weight-; let the whole rule be divided into 1000 
equal parts, of which let A C be 10, then adding 3 
cy; hers to the weight of each bullet, extract the 
cube root, and you find the number of parts anſwer- 
ing to the diameter of each bullet, almoſt to a 
thouſandth part. For example, if you would mark 
upon this rule for the calibre, that of a bullet of 24 
pounds, addi»-g 3 cyphers to 24, which makes 
24000, the cube root thereof, vis. 29, gives the 
diameter of a bullet of 24 pounds. After whigh 
manner was compos'd the following table. 


Weight of Bullets in Pounds. 
1 2 4 6 8 12 18 24 36 45 64 nos 
Number of Parts in their Diameters, * 
185 PEST 3-4 } CET * ' 


IO 13 16 18 20 23 26 29 33 36 40 46 * 
: 4132-1 2X IF 


4. To find the diameter of a bullet, of which 
we have only the convex part A; on the point A 
as a center, deſcribe a circle upon the convex 
ſurface A, and having taken the dia- 
meter B C with a pair of callipers,, then Fig. 11. 
upon the line E =_ , make a Fe 

ides FE, FD let be equal 
to the lines AB; AC, this triangle cannot be 
TY 3 - inſcribed 


A 


inſcribed but in the circle EFD G, the dlametet 


of which FG, will be the diameter of che 
bullet. | 
Demonſt. The plain of the triangle A B C 


paſling t rough the pole A, and through the 
diameter B C of a Fury will paſs "rough the 
.center of a globe (b 2 Prop. 1. Sh. Trig.) there- 
fore the triangle AB C will be ED in a 
circle, which Will paſs through the center of the 
bullet, and conſequently will 2 for its diameter 
that of the bullet. 


vn. 


Of the caſe of the Motion of the Bullet in 
Cannon. 


Prop. 


| Let AB reproſent i a cannon, where. 
1 12. in the powder takes up the ſpace A, 

and the bullet the ſpace B, when the 
powder takes fire, it will fill a larger ſpace as A C, 
and thruſt the bullet from B to of rom whence 
may be obſerved, 


1. That the ſwiftneſs of the motion commu- 
nicated to the bullet by the powder, ought to be 
meaſured by the line A C, the ch of the 

ace galn'd by the proce in firing z becauſe in 
the * of the powder's firing, the ullet is forc'd 
with the velocity AG 


ths Whether the powder ls Influm'd Meeri 
or all at once, the bullet receives an qual velocity 
Kvce it all takes fire before the bullet goes out 0 of 
the cannon, For If at the firſt inſtant only E 


eter 
the 


3 C 
the 
the 
ere- 
n 4 
the 
eter 
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io TY 

the powder ſhould take fire, inſtead 

of gaining the ſpace AC, it will only < Fig. 12. 
gain AD, and communicate to the 

bullet only the velocity A D; but afterward as 
the reſt takes fire, it will communicate a ſecond 
velocity equal to D C. 1 


R E M A R K. 


The ſame thing cannot be ſaid of the effect ot 
powder in the Powder-proof, which is a machine 
made uſe of to know the force of powder; for as 
it is the firſt effort of the powder which diſ- 
charges the machine, the effect is much greater 
when a greater quantity of powder takes fire at 
the ſame inſtant. Thus we find by experience, 
that the ſame quantity of powder being well 
dried, will riſe 4 or 5 degrees higher in the 
powder-proof, than when it is a little moiſt, 


3. The weight of the bullet helps its velocity, 
as 1t gives it foros to ovetcome the obſtacles it 
meets with, _ 


4. The bigneſs of the bullet diminiſhes the 
motion of the powder: For tho! it be true, that 
the bullet has not always a motion contrary to that 
of the powder, yet it could never receive motion, 
without a mover ; to which it muſt communicate 
a motion contrary to that it receives, and that 


contrary motion enereaſes in proportion to the 
bigneſd of the bullet, 1 


Ks CORO L 
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COROLLARIES. 
If two equal bullets A and B, are 


thrown out of equal cannons, their 
velocities will be in the ſame propor- 
tions as the quantity of powder in the one 
and the other cannon, fince the ſpaces A C and 
B D will be in the ſame proportion as the ſpaces 
OE I. 


2. If the bullets A and B of different 
Fig. 14. calibres be thrown out with propor- 
| tionable charges, their velocity will be 
as the cube roots of their calibres, or as their 
diameters, fince the lines A C and BD increaſe in 
the ſame proportion as the cube roots of the 
charges, or of the bullets. Tis always taken for 
granted, that the powder all takes fire before the 
bullet paſſes out of the mouth of the cannon. 


3. It will be eaſy to determine the proportion 
of velocity betwixt bullets of different calibres, 
whoſe ſeveral charges are 3 For 1. It 

the charges are proportional, their velocities will 

be as their diameters. 2, In diminiſhing or aug- 
menting the charges, their velocities are diminiſhed 
or augmented in the ſame proportion. 


P R o P. VIII. 


of the Chamber, where the Powder is Plac'd in 
. a Cannon. 


1. The Chamber A ſerves to inflame 
2 greater pact of the powder ; for the 
| : powder 


Fig. 15. 


1 


11 
powder A taking fire in the middle, is fore d 
againſt the bounds of the chamber, from whence 
it is reverberated againſt the fire. e 


2. Nevertheleſs, chambers are ſeldom made in 


cannons, becauſe they would thereby be rendred 
more difficult to be charged and diſcharged, and 
after firing oftentimes, ſome of the fire would 
remaiy, which would be dangerous to the 
Cannoniers. : 


'P * . 11 
of the length of a Cannon. | 
1. It is certain, that the length of a cannon 
diminiſhes the motion of the ball, by its rubbing 
againſt the ſides in paſſing. | 


2. The length of a cannon ſerves to augment 
the motion of the bullet, becauſe it gives time to 
the powder to take fire in a greater quantity be- 


fore the ball gets out. 


3. Experience only can determine the length of 
a cannon, becauſe its effect depends upon certain 
circumſtances, which cannot be exactly known ; 
as the quality of the powder, the reſiſtance the 
bullet finds in rubbing, c. 1 7 0 


33 
O the charging a Cannon. 
N Tub experience muſt regulate the . 


of powder, yet in general it may be 0 _ 
that 


O 
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that in proving a cannon, the charge may be much 

| =m_ than in battle, or when the cannon grows 
hot, | | | 


big, The bullet muſt enter eaſily, left it 2 
e 


the metal in going out, or, it may be, burſt t 
cannon. Care ſhould therefore be likewiſe taken, 
that there be no inequalities in the ball, at leaſt 
that it will enter eaſily every way, 


3. It would be eaſy to burſt a cannon, if after 
having put in the bullet B, the wedge C be in- 
ſinuated of a ſufficient hardneſs, to reſiſt the force 
of the bullet, for then the bullet cannot paſs 
without burſting the cannon, : 


P R Oo r. XI, 
Of a Cannon heating. 


1. When a cannon grows hot, it recoils with 
greater. violence upon the carriage, becauſe the 
powder takes fire quicker, and in a greater 
quantity, | 23 


2. Although the powder ſtrikes _=_y againſt 
both the _ and lower parts of the cannon, 
yet notwitſtanding it 

at liberty to move downwards; for the lower 
part being ſorc'd apainſt the carriage, receives from 
that reſiſtance, a contrary motion (by Sup. 4.) 


3. The heat of the cannon commonly increaſes 
the velocity of the bullet z for that it cauſes a 
— — — of powder to take fire before the 

llet goes out of the cannon; yet it may hap- 
| pen 


will recoil z fince it is not 


[en] 


pen to ſhorten the carriage of the ball, if the 


cannon recoiling, falls again before the bullet gets 


out; for that motion of the fall of the cannon 
being communicated to the bullet, very much 
diminiſhes the length of its carriage, as ſhall be 
ſhewn farther on, | e f 


por. XII. 
Of the horizontal Carriage of a cannon: 


Let the cannon A'B be diſpoſed 
horizontally, the bullet B will not Fig. 16, 
keep the horizontal line AB C, but a 
curve line, which will carry it to the point D be- 
low the point C. 


Demonſt. The horizontal motion impreſs'd on 
the bullet by the powder, not being contrary to 
the motion of its own gravity, will not deftroy 
it ; therefore the bullet will be carried downwards, 
being moved by a compounded motion, partly 
horizontal, and partly vertical, which will con- 
ſe _ carry it to the point D below the 
po nt . | | Dey 


COROLLARY. 
From whence it follows, that when a cannon 
ſeems to carry point blank, or to raiſe its ſtroke, 


the line of aim is not parallel to the cavity of the 
cannon, for then its carriage would be too low. 


 REMARKEG [. 
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REMAAAG S 45 


r, It is not neceſſary to examine the nature of | the 
the line deſerib'd by the bullet in its paſſage, it hor! 
being demonſtrable, that it would be parabolical, ſeq\ 
if the reſiſtance of the air, or the directions of 
of its own gravity did not affect it, It is ſuffl. 4 
cient to know, that the line BD, the paſſage of acco 
the bullet, is not the right line BFD. Let the be! 
right line BF D be therefore equally divided in 
the point F, and draw FE parallel to C D, and 7 
FG parallel to BC, | | 


Demonſt. The line E F being equal to the line bull 
G C, the bullet will take up the ſame time in tot 
paſſing from the point B to the line E F, by wa 
reaſon of its horizontal motion, as in paſſing MW at « 
from the line E F to the line CD; therefore rtl 
when it comes to the line EP, it wil have de- W AC 
ſeended but the fourth part of the line CD I will 
by Prop. 10. Mechan.) and not its half part EF, wen 

herefore the paſſage of the bullet will be above I alſo 
the point F, 


2, The greater the velocity of the bullet is, 

the leſs will be its deſcent at the ſime diſtance 

becauſe it takes up a leſs time in its paſſage, an 

the quantity of time determines the ſpace or r 
quantity of its deſcent, 80 that the bullet which I the 
vas carried from B to N, would have been carried ticle 
from to H, if it had been thrown by the cannon 
with a double velocityz becauſe it would then 
have taken up but half the time in paſſing from 
the point B to the line C D. 


If 


05 


3 a.. 
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3. If the curve line of the bullet's paſſage did 
not bring it to the _ it would not op till 
the reſiſtance of the alr intirely deſtroy'd its 


horizontal motion, and its progreſs would cor 
ſequently become immenſe, = 


4. Horizontal carriages are to one another, 
according to their ſeveral velocities z if no regard 


be had to. the reſiſtance of the air. 


Demonſt, If in the ſame time that one bullet 
paſſes by its horizontal motion, from 
the point A to the line CE, another Fig, 19, 
bullet is only carried from the point A 
to the line BD; if farther, the firſt bullet in its 
paſſage from A towards C, falls upon the ground 
at the point E, the other bullet falls equally, and 
{trikes the earth at the point D; con quent as 
A C the meaſure of the velocity of the firſt bullet, 
will be the meaſure of its carriage ; ſo A B the 
meaſure of the velocity of the ſecond bullet, will 
alſo be the meaſure of its carriage, 


P R Oo P. XIII. 
Of the reſiſtanes of the Air. 


1, The reſiſtance of the alr is nothing elſe, but 
the motion impreſt'd upon the bullet by the pat» 
ticles of the alr repelling it, "ps 


. Thereſiſtance of the alt Increaſty in a dupll- 

cate ratlo, to the velocity of the bullet; for one 

bullet having twice the velocity of another, mo 
= again 


— _— — — 3 — ͤ am — — - 
: 
Ul 


[aw] | 
againſt a double quantity of air in the ſame time 
and likewiſe with a double force. ; 


3. The reſiſtance of the air diminiſhes the car. 
riage of a bullet in a duplicate ratio to its velocity; 
becauſe it diminiſhes its carriage in the ſame 
Proportion as it diminiſhes -its motion, or as it 
Impreſſes or increaſes a contrary motion. 


4. The reſiſtance of the air alters not the ratio 
of the carriage of bullets, meerly upon account 
of their different calibres. | h 


: Demonſt, The bullets A and B 


Fig. 18. having the {ame velocity, will find the 


reſiſtance of the air in proportion to 


their waſs or quantity of matter; their motion will 


then be diminiſhed in the ſume ratio as their maſs; 


therefore their velocities or their carriage will be 
equally diminiſhed ( Mechan. Sup. 3.) 


COROLLARY 


Though the carriage of one cannon be given 


with all its circumſtances, we cannot from therice 
determine the carriage of another exactly, with- 
out regard to the reſiſtance of the air, which 


cannot certainly be known. 


5. The thicker the alt, the greater the reſiſlance, 


and the carriage of the bullet will 'be diminiſhed 


in proportion to ſuch denſity, ſince the bullet 


muſt conſequently ſtrike againſt a greater number 
of particles, 


6. If 


Nenn! 


me, 6. If two bullets paſs through different airs 
EF with different velocities, the reſiſtances they meet 
with will not be equal, though ſuppoſing the 
. denſities and velocities are in reciprocal propor- 
tion; but the bullet which paſſes through the * 
[hack of thick air, will find leſs reſiſtance in the 
ame proportion, 8 5 


Daemonſt. If one of the bullets paſs through 

air twice as thick as the other, and the other 
with double velocity to the firſt, they will then 
both be truck with an equal number of particles 
3 W of air; but the ſecond will be ſtruck with a 

the! double force, 8 5 


vill n 


be If the bullets A and B equal in every 

ER are thrown with equal force, Fig. 19. 

and the bullet A paſſes through half 4 

its courſe in a thick air, and the reſt through a 

more refin'd air; if on the contrary, the bullet B 

paſs at firſt through a finer air, and continues the 

_reft of its courſe through a thick air. Theſe two 

* bullets will find equal reſiſtauce, and will be 

oþ equal in their carriage; ſuppoſing the air A 
twice as thick as theairB, 


9 Demonſt, The bullet A being come to the 
«4 | middle of the thick uir, will be ſo much over- 
come by the reſiſtance it meets with, and will 
have loſt ſo much of its velocity as the bullet B, 
at the end of the thin air; fince it, will. have 
ſtruck againſt an equal number of particles, and 
wich an equal force, Again, they will find ag 


[ ar} 
equal reſiſtance in the remainder of their courſe, 
the bullet A in paſſing through the remaining 
half of the thick air, and the bullet B in paſſing 
through the firſt half of the thick air. Further, 
the bullet A will find the ſame reſiſtance in 
paſſing through the thin air B, as the bullet B in 
' paſſing through the remainder of the thick air 


P A O. XIV. 


Of the yeſitance of Water, and the reboundings of 
1 the Bullet therein, | 


Water makes a greater reſiſtance than air, both 
becauſe it is a more denſe body, and that its parts 
are more difficult to divide; therefore bullets meet 
with ſv great reſiſtance in water, that they ſome- 
times rebound, and make, as it were, repeated 
leaps upon the ſurfice of the water, as in the 
figure, . | 


Suppoſe the bullet A, which is car- 
Hg. 20. ried againſt the ſurface of the water B, 
along the curve line A B inclined upon 

the ſame ſurface, 1, If the bullet was without 
_ and the water ſolid at the point B, It 
would be forc'd back through the line B C, equal 
in every reſpect to the line BA, ſince its motion 
parallel to the water would remain the ſame, and 
the water would communicate to it a motion re- 
8 it, equal to that with which it approached 


2. The water not being ſolid, the air precedin 


the bullet, will make, as it were, a cavity in it 
| | in 


[pace 


n 
in {uch manner, that the bullet inſtead of ſtriking 
it at the point B, will not meet with it 
Jig. 2r, but at the point P; or it will enter 
into the water by ſome curve line as 
DG, if it has force enough to divide it at the 
oint D, as if it were thrown againſt the water 
by a line leſs inclined, 


3. But if the bullet is carried with {© much 
velocity, and ſo obliquely againſt the water, that 
it cannot divide itz it then receives a motion 
repelling it from the water, with a force equal to 
that with which it approach'd it; and in ſuch 
caſe if the bullet was without weight, it would 
be repell'd by the line DC equal in every reſpeRt 
to the line D B A, 


„The weight of the bullet cauſes the line 
D k, through which it is repell'd, to be much 
more inclined than the line DC, ſo that the 
bullet riſes out of the water at the point F, after 
a 554% under the water through the whole 


| L I M M 1 


If from the end A of the diameter 
A H, be drawn the lines AC, AF, Ng. 23. 
extended to the circumference. of the 
circle, and from the points C, E, be drawn the 
lines CD, E G perpendicular to the diameter; 
the line A D will be to the line A G, as the 
{quare of the line AC to the ſquareol the line AE, 


| Demonſt, The ſquare of AQ is equal to the 


ſquares of A D, and DC (by 4). 1. Eue.) and 
„ | | ſince 


L21411 
ADH (by 32. 3. Zuc.) the ſquare of A C will 


be equal to the ſquate of A D, and the rectangle 


ADH; or it will be equal to the rectangle 
HAD : In the ſame manner the ſquare of AE 
will be equal to the rectangle HAG: But as the 
rectangle HAD: is to the rectangle HA G:: 
AD: AG (by r. 6. Euc.) therefore as the 


ſquareof AC: ſquare AE::AD.: AG, 
COROLLARY. 


Since 0 by Prop. 10. Mechan.) the deſcents of 
heavy bodies are to one another, as the ſquares of 
their times; if the times be meaſured by the 
lines AC, A E; the deſcents muſt be meaſured 


by the lines AD, AG, Thus, ſuppoſing that in 


the time meaſured by A C, a heavy bo o in its 
deſcent would paſs through the line AD ; then 


| would it run through the line A G, in the time 
| meaſured by AE = 


L E M M A Il. 


If the body A receives at the point A 


Fig. 23. a motion upwards, which motion being 

inſenſibly deſtroy'd by its gravity, 

ceaſes at the point B; it will be juſt the ſame 
time in its deſcent from B to A, as it took up in 
its aſcent from A to B; becauſe its motion of 
| ne. will begin and increaſe by the ſame 
e _ as its former motion decreaſed and 


fince the ſquare of D C is equal to the rectangle 


co ROE. 
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COROLLARY. 

Suppoſe the line A C elevated aboye * 
the horizontal line A B, and the bullet Fig. 22. 


A thrown to the ſame height, with a 
motion which would gry it to the point Cin a 


minute of time, if the ball was without weight g 
but thatby reaſon of 'its gravity it deſcends again 
to the point B in the vertical line C B: we may 
thence deduce, the following conſequences z' 1. The 
ball will arrive at the point B in the ſame time 
it would be in coming to the point C  fince its 
gravity makes no alteration in its horizontal | 
motion, which carries it from the vertical line 
AH, to the vertical line BC, 2. The ball will 
take up one half of the ſaid time in its aſcent, 
ind the other half In its fall, (by Tem, 2) 
z, The ball will aſcend but the fourth part of the 
ine BC, or half that height it would have 
aſcended, in half the ſaid minute of time (by- 
Prop. 10, — if the motion cauſing its 
aſcent had continued always equal, and its gravity 
had not inſenſibly overcome it, 


p R O u. XV. 


Suppoſe from the mouth of a cannon 
A, whoſe elevation is A C, a ball being Fig. 22, 
thrown ſhould fall upon the point B Þ | 
the horizontal line A B. Draw AH and BC 
perpendiculars upon the line A B, and from ſome 
point as D, deſcribe the circle A C H. I ſay, that 
if the cannon be ſet to any other elevation as 
AE, every other particular remaining the ſame, 

2 RD tho 


EE... 
the line E F perpendicular to A B, will determine 
the point F, where the ball will fall. 


Demonſt, Since the ball at the elevation A C 
falls upon the point B, it muſt needs be that 
during half the time it would take up in paſſing 
through the line A C, it its gravity did not affect 
it, its weight will cauſe it to deſcend the fourth 
partot the line B C (by Cor. Prec,) But if durin 
he time meaſured by half the line A C, the bal 
deſcends one fourth part of the line B C or DA, 
then during the time meaſured by half the line 
AE, it will alſo deſcend one fourth part of the 
line AG or EF; (by Leun. of therefore the 
point F will be the place where t 
at the elevation AE. 


P R OP. XVI. 


SBuppoſe the line A K rals'd above 
Fig, 24. the horizon A B, and the ball A 
having the elevation A C, to fall upon 
the point K: Draw A N 8 to A h, 
and K C parallel to A Again, let AH be 
drawn perpendicular to A K, and from ſome point 
of the line AH, deſcribe a circle ACH. I ſay, 
that if to the ball A be given any other elevation 
as A E, the line EF parallel to the line AN, 
will determine the point F, where the ball will 
fall upon the line AK, Draw CD and EG, 
e upon A H, which will cut AN 
n the points ML. 


Demonſt, The ſquare of A C, is to the ſquare 
of AE; as AD to AG (by Ven. 1.) or as 
AM to AL (by 2. 6, Euc.) or as CK wn F. 

— There- 


e ball will fall 


[ 217 J k 
The: eore (by the 2 if the ball A having 
the elevation A C fall upen the point K; it will 
fall upon the point P, if it, obta ins the elevation 


R R M AR R. 


If the carriage and elevation of a cannon be 
wow, together with the plane upon which the 
all is to fall z we have all others upon every 
kind of plane; becauſe the force of a cannam 
_ always be meaſured by the vertical line 
A N, which ought to be the ſime whether the 
plain be horizontal or not; ſince the plane has no 
effeck upon the vertical carriage, by which the 


ball is returned. towards the point A. 


COROLDARY. 


IF the line K C be a tangent to the circle, the 
line AK is the greateſt carriage, and BAC the 
angle of elevation _ to 45 degrees, with half 
the angle of BAK: For the angle CAK is 
equal to half the angle NA K, which is 45 de- 
grey leſs half HAN, or BA R. From whence 
8 deduced this general rule. To have the greateſt 
carriage ii pon a plane elevated above the horizon z 
to the elevution of 4.5 degrees, muſt be a1ded half. 


the elevation of tho plane, 
P R O v. XVII. 
The ſame reaſoning holds good, 


who the line A K lies inclined below Fig. 2. 


the horizontal line A B, after having 


deſerib'd the ſemi circle A CH, touching the ling = 


AK. | 
1 L CO ROL 
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COROLLARY. 
In the ſame manner, To have the greateſt car. 


viage A K, deduct from the elevation of 4.5 degrees, 
half the angle B AK. | 


PA Or. XVIII. 


ile Inſirumems uſed to find the elevation of a 
Cannon. 


r. Having a ſquare of wood, or of 
metal, as A B, one of whoſe ſides A C, 
let be prolong'd at diſcretion to I), 
From the point A, deſcribe the quadrant C E, 
in ſuch manner that A B may be perpendicular to 
AD; then divide the quadrant E C as uſual, 
beginning from the point E, and let a plummet 
be hung upon the point A: Laſtly, let the whole 
ſquate A B be filled up with lines parallel to 
AD, and equidiſtant from one another, 


Fig, 26. 


| 2. To uſe this inſtrument, put the 
Fig. 27. fide CV into the eannon, applying it 
_ eloſe 16 the under fide of the cavity or 
chafe, ſ fliull men line A E ſhew upon the 
arch E C. the nngle FA E, equal to the angle 
AH, the elevition of the capnen above the 
horizontal line B F. | 


3. Beſides the above, there may be 

Fig, 28. provided a ſquare of paſte-board, or of 

metal, whoſe ſides GH, GI muſt be 

equal to the ſides A C, A E of the other inſtru- 

ment; then deſcribing upon GH a ON 
|  whic 


rlage 
eleve 
to th 


5 
hs 

\y | 
kno! 


' the 1 


es, 


the value of the ſcale GI. 


SE. 
which ſpace muſt be cut away and left open, and- 
divide the fide & I into ſeveral equal part. 


4. Ins uſe is as follows; when you would de- 
termine the horizontal carriage, place . 
the point G of the paſte- board upon Ng. 29. 
the point A of the other Inſtrument, | 
and the line G upon the fide A E; fo ſhall one 


of the , parallels to the line A D, touching the 


open ſemi-circle in the point K, ſhew upon the 
ſcale GI, the greateſt horizontal carriage at the 
elevation HK ; the other parallels will likewiſe 
ſhew the other carriages upon the ſcale GI, with 
their correſpondent elevations, Having therefore 
fix'd upon 'a certain carriage; put the inſtrument 
into the cannon, and raiſe the piece till the plumb 
line cuts upon the ſemi-cirecle G K H, the cor- 
reſpondent elevation, e 


5. When we defire to know carriages elevated 
above the horizontal, we place the fide on 
GI of the paſte-board under the line Pg. zo. 
AK, ſo that the angle HG be the 
angle of the carriage with the horizontal, If on 
the other hand, we would know a car» 1 
klage inclined below tho horizon, we Fig, zr. 
elevate the line GI above the line AB ö 
o the ſame angle, All the reſt Is done 88 above. 


RR MAR R. 


| Carriages may be determined, not only by the 
PR as has been above laid down, but even 


y any other, whoſe length and elevation is 
known, ſince it only depends upon determining 


PAR OP. 
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P R O r. XIX. 


E | Of the force of the Ball againſt the Body it ſirikes, 


1. It is plain, that a ball ſtriking a body ſoon 
| after it paſſes out of the mouth of a cannon (every 
thing elſe being equal) will ſtrike it with greater 
force than after its motion is diminiſhed by the 
reſiſtance of the air. : 


2. If the ball A, paſſing out of the 
mouth of a cannon, immediately meets 
with: the body B, it muſt happen, that 
the air forc'd by the ſmoak of the cannon, and 
compreſt'd againſt the body B, will repel the ball 
with a force that may more leſſen its motion than 
the air it would meet with at a greater diſtance ; 
and in that caſe the ball will ſtrike the body B 
with leſs force, than it would trike the body C 
at a greater diſtance, 


3. If the ball A is carried againſt 
Fig. 33. the body B, in the perpendicular line 
5 AB, it will communicate its whole 
motion z but if the ball paſſes through the oblique 
line AC, the motion it communicates will be 
on in, the ratio of the line AC, to the line 


- Fig. 32. 


COROLLARY. 


From whence it follows, that balls ſtrike with 
more force againſt rough ſtones, than againit 
ſmooth ones. = 


PA O r. 
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P R O 7. XX. . 
tes, Of Mortars for Bombaraments. 
bon Mortars are a ſort of cannon, more 


ſhort and large than thoſe before de- Hg. 34. 
ſeribed; their uſe is to throw bombs, | 
the Hand carcaſes ; however, all that has been ſaid of 
other cannons, may be applied to theſe, and par- 

ticularly the rules given for determining their 
the carriages and elevations; what more peculiarl 
relates to them may be comprehended in the fol- 
hat Mowing obſervations, 


t. Mortars ought to be very ſhort, that the 
bomb may be plac'd in a proper ſituation, that 
e: Nieither the fuſe may be loſt in roling through the 
B Neannon, nor the bomb burſt in its paſſage, nor 
eren retarded by rubbing againſt the ſides of the 

cannon, | 


2. Mortars commonly have chambers, that the 
powder may the ſooner take fire in a greater 
panty, there being no danger that fire ſhould 
remain in them unperceiv'd, | 


3- Some mortars, as A, are fo, contriv'd, as to 
be rals'd or depreſs'd _ their carriages, for the 
detter regulating the diſtance of their carriage 
J but this ſort of mortars are more liable to be if 
mounted, and more difficult to be fix'd in battery, 


t 4. Mortars, which as B, are caſt with their 
carriage, are generally more eſteemed, They 
are commonly made to the eleyation of 45 degrees, 

P. 98 L3; becauſe 
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becauſe that elevation 3 the greateſt horizont 
carriage. Nevertheleſs, as mortars are ofte 
defign'd to throw bombs into places elevate 
above the plain they are fix'd in, I would advi 
the giving them a greater elevation upon thei 
carriages: And if there be occaſion to leſſen thi 
carrlage of ſuch mortars, it may be done b 
diminiſhing the quantity of powder in thei 
charging z which ſeems more natural, thai 
leſſening the cartilage, by giving che mortar . 
elevation leſt proper to throw the bomb, 


ma LA 
2 . 2 ET EZ Z2 p 


P 


. 


= — . 4 

4, — a 
/ 

\ : — bo — K — — — 

FE Sf 
k, + 

©, T7 Co 2 2 
. e * 2 * 3 
- 33 — 20 - -. 1 K . 


Gunnery. 


3 Il ell | - 


—B 


1 C | 


N 
1 


ö 


F 


5 


PALS 


U 


